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In these days of wireless reports, meteorological 
charts and forecasts, journeys by aeroplane or air- 
ship, scientific farming and plantation work and the 
like, interest in the weather is becoming more and 
more widespread, and a knowledge of atmospheric 
phenomena is useful as well as fascinating. 

The object of the present work is to present the 
facts of meteorology to the general reader in a 
popular form, and to show how observers equipped 
with quite simple instruments can find pleasure as 
well as profit in the study of weather conditions. 
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EVERYONE’S BOOR OF THE 
WEATHER 


CHAPTER I 

THE FUNDAMENTAL CAUSES OF 
WEATHER 

Some Magic Districts. 

When we hear of the “ Horse Latitudes," the 
“ Doldrums," or the Roaring Forties," most of us 
at once begin to think of the sea and of ships. We 
have read stories of fast-sailing clippers that scud 
along before the brave west winds, or lie becalmed, 
and drift on a glassy sea under a cloudless sky for 
weeks at a time. . 

Now I a|n going to show that in reality we ought 
not to think so much of the sea in these wonderful 
places as of the weather that is experienced there. 
These magic regions owe their interest to special 
conditions of what is spoken of as weather. But 
before we can understand what weather means we 
must know something of the atmosphere. 

The Atmospherel 

The atmosphere afe the air which envelops the 
earth. It is a mixture of gases> the most common 
being nitrogen and oxygen. 

Air is a fluid — that is, it flows from one place to 
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THE FUNDAMENTAL CAUSES OF 
WEATHER 

Some Magic Districts. 

When we hear of the “Horse Latitudes,” the 
** Doldrums,” or the “ Roaring Forties,” most of us 
at once begin to think of the sea and of ships. We 
have read stories of fast-sailing dippers that scud 
along beiore the brave west winds, or lie becalmed, 
and drift on a glassy sea under a cloudless sky for 
weeks at a time. 

Now 1 am going to show that in reality we ought 
not to think so much of the sea in these wonderful 
places as of the weaiher that is experienced there. 
These magic regions owe their interest to special 
conditions of what is spoken of as weather. But 
before we can understand what weather riieans we 
must know something of the atmosphere. 

The Atmosphere. 

The atmosphere is the air which envelops the 
earth. It is a mixture of gases, the most common 
being nitrogen and oxygen, 

Air is a fluid — that is, it flows from one place to 
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another. It has no definite shapCj and can move 
about easily when disturbed. The disturbances of 
the atmosphere are the fundamental causes of 
weather. 

How the Atmosphere is Disturbed. 

Although the atmosphere is invisible, yet its con- 
stituents are as real in substance as the solid and 
liquid matter which we see. The atmosphere has 


which have weight exert pressure, and it is owing 
to the differences of pressure that disturbances take 
place in the atmosphere. These differences are 
brought about chiefly by differcncca m temperature 
and, to a smaller extent, by the amount of water- 


honasontaliy, forming tmnds on the earth’fe surface, 
while the rising air, moving verticaliy, is not felt as 
wind along the earth’s surfacefand a calm is the result. 

In the case of our earth, the region of greatest 
heat,, and therefore lowest pressure, lies round about 


w 





lire Equator/ The centre oi this belt varies with the 
seasons^ but, generally speaking, there is always a 
region round about the Equator where the air 14 
being forced to rise. This upward movement of the 
air results in a region of calms at the surface of the 
earth, called the belt of low-pressure calms. 

The Doldrums. 

Sailors soon discovered where regions ol calms 
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belt tliat stretches between io° N. and lo^^S. of thef 
Equator. They found that the weather there wasj 
hot and muggy, and rain fell almost continuously. 
There was practically no wind, but they soon learned 
to be on the look-out for violent and sudden thunder- 
storms and gales, which passed as quickly as they 
arose. The general condition of the weather pro- 
duced a feeling of lassitude and dullnesSi^and they 
called this part of the ocean the Doldrum$., that is, 


itk 
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The Horse Latitudes. 

Warm air rises from the Doldrums into the higher 
atmospbere. It flows northwards and southwards, 
gradually cools and becomes heavier, and then 
begins to settle down again. By the time it 
approaches and flows over latitudes 30® N. and 30® S. 
of the Equator, part of this heavy air descends to 
the earth’s surface, and this gives rise to a belt 01 
high-pressure calms. The wx^ather is dear, and 
there is little or no rain, because of the descending 
air currents. Local winds may spring up, but they 
are light and variable. Ships lie becalmed in these 
regions, which sailors calf the.** Horse Latitudes.” 
In days gone by it happened that ships bearing 
cargoes of horses were held up in these regions, and, 
owing to lack of water, very often part of this cargo 
had to be thrown overboard. 

Winds over the 'Eaith’s Surface. 

From this diagram it is readily seen that the air 
moves northwards and southwards from the high- 
pressure belts and produces winds. The early 
traders found that these winds blew regularly and 
steadily, and they called them the ** Trade winds. 
If the earth were at rest the Trade winds would 
blow directly north and south, but, because of the 
earth’s rotation, they blow north-easterly in the 
northern hemisphere, and south-easterly in the 
southern hemisphere. Winds blowing in the opposite 
direction to the Trades are called the Anti-trades. 
If the earth’s surface were completely covered with 
winter the winds would blow regularly and without 
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interruption. But there are land masses (the conti- 
nents) which arc heated more quickly and cool more 
quickly than the ocean, thus forming regions of high 
and low pressure apart from the low- and high- 
pressure belts. This affects the winds, more especi- 
ally in the northern hemisphere. In the southern 
hcmi.sphere, however, there is a long swmep ot ocea^ 
between the 40th and 50th parallels of latitude, and. 
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here the course of the wind is uninterrupted. It 
blows from the west, gathering force as it goes, and 
is called by mariners the Brave West Wind.” The, 
regions lying between 40® and 50® S. are called thei 
Roaring Forties,” and the weather here is breezy,' 
'tempestuous, and bracing. 

Winds and Weather. 

From what we have said it is evident that the cir- 
culation of the atmosphere accounts for the differ- 
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ences in weather in different regions ol the globe, 
apart from the latitude of the place concerned* 

We must also bear in mind that the evaporation 
and condensation of water-vapour affects both 
temperature and pressure. Water-vapour is lighter 
than air. Moist air is lighter than dry air, bulk for 
bulk, because it contains water-vapour. Thus a 
region of moist air is a region of comparatively low 
pressure, and following the law we have already 
discussed, winds will spring up in it. The moist 
' air is forced to rise and, as we shall learn presently, 
clouds form, rain falls, and perhaps a storm with 
thunder and lightning will be experienced. Thus 
the weather is affected by the amount of moisture in 
the air, but the chief cause of the variableness of the 
weather is the circulation of the atmosphere* 
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CHAPTER 11 

METHODICAL OBSERVATION AND 
METEOROLOGY 

Introductory. 

If wo wish to study the weather we must learn to 
observe and take notes. 

We must first of all learn to observe methodically 
and correctly, and 1 am going to tell of some little 
experiments which will yield both pleasure and 
profit to those who care to carry them out. ' 

The word “ experiment ” may conjure up visions in 
the reader's mind of apparatus such as is found in 
the science laboratory, Now^ this is a mistake, for 
our laboratory is the great “ out-of-doors,” and liiost 
of the apparatus we need can easily be made but of 
very ordinary materials. 

The experiments I propose to describe will teach 
us to be methodical^ and help us in time to form a 
habit of mind that may prove a great asset in our 
daily lives, by teaching us how to note, record, and 
recognize with accuracy and discrimination. 

Meteorology, 

Meteorplogy is the science- pi the atmosphere. | 
The name is derived from the Greek word meteora} 
which means '' the air.” It includes a study of the/ 
atmosphere and its phenomena. It deals with the 
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as experienced at the surface of the earth, but it also 
deals with the less familiar conditions of the hii^her 
atmosphere. 

The Higher Atmosphere and Aeronautics. 

The higher regions of the atmosphere have !)een 
studied of late years more than ever bciore, especi- 
ally since the introduction of aeroplanes and airships, 
the navigation of which demands a study of the air 
at both low and high altitudes. 

I'here is still much to icarn about the higher 
regions of the atmosphere and the conditions which 
prevail there. But for many years the study of the 
lower atmosphere has been methodically carried on. 
The Royal Meteorological Society of J.ondon has 
done much to encourage the study of the weather, 
and the Meteorological Office in London has collected 
a vast amount of information in regard to it. Public 
institutions and private individuals have made 
observations and kept records for years, so that we 
have an extensive knowledge of the atmosphere, 
especially the lower atmosphere. 

A Practical Application. 

it is being recognized more and more that a know- 
ledge of the weather conditions is of great, practical 
value for many purposes. Manufacturing/,. agri- 


\ cultural, 'plantation, and Other work often depends 
‘ to a great extent on the atmospheric conditions. 


Navigation at sea is helped or hindered by the 
weather, and it is obvious that as full a know- 
ledge as possible of the atmosphere is essential for 
aeronautics. 
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^ CHAPTER in 

LOOKING AT THINGS 

In this book you are going to learn how to look at 
things and take note of them. You will need a little 
practice to begin with, so I am going to show how 
you can use a shadow to teach yourself to obsenre. 

This will give you practice in measuring and 
writing down your measurements. You will learn 
by doing and seeing for yourself. When you have 
written down what you have seen you can talk about 
it and be quite certain of what you 
are saying. 

The Length of a Shadow and its 
Trace. 

First of all I want you to measure 
the length of a shadow very care- 
fully. The method of procedure is 
as follows ; 

Take a straight piece of wire and 
bend it to form a foot to stand upon. 

Set it up in a space in your garden 
which is open to the sun. Then brush 
a smooth, clear space about 3 feet 
all around the bottom ,,of the wire. 

Choose a day when the sun is shining brightly, and 
start your experiment some time about eleven 
o'clock in the morning. If it is “ sum^. time ” 


WIRa BKNT TO 
FORM A FOOT TO 
STAND UPON, 
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you sbotrld start an hour later by the clock. When 
all is readjj make a dot with some sharp point at the 
very tip of the shadow on the ground. Then draw 
a line along the shadow to the bottom of the wire. 
Measure the lim; in centimetres and millimetres. 
You can <lo this every half-hour, or every quarter- 
hour, jii.st as you please. 

Of course you need not stand by all the time. 
You can go away, and come back again when the 
next dot is dtie to be made. 

As the half-hours pass, the lines you have drawn 
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of tho ,year. At first one might suppose that the 
trace would aUvaj^s be like a bow round the foot of 
the wire. But if you make three traces, one about 
niidsununer, one about midwinter, and one half-way 
between these dates, you will find that in winter the 
trare as a whole bends away from the wire, and the 
ova] curve points in the same direction, while in 
summer the trace as a whole bends towards the \yire, 
and the oval curve lies about its toot. Notice that 
in both cases the shortest shadow is at noon. This 
is true of all shadows, no matter whether the shadow 
be that of a little pin, or of St. Paul’s Cathedral. 

Tow^ards the equinoxes — that is, about March 21 
and September 23 — the trace will become a straight 
line. Think this out. 

The Altitude of the Sun and a Home-made 
Measurer of Altitude. 

Now there is one other thing I want you to do. 
You have noticed the variation in the altitude of the 
sun. Have 3^ou ever tried to measure the sun's 
height above the horizon ? 

To do this make the following simple piece of 
apparatus yourself. Take two pieces of wood, the 
longer piece about 46 centimetres in length, and the 
shorter about 16. Each should be about 6 centimetres 
wide and i centimetre in thickness. Make the 
shorter piece like a wedge, and then nail the two 
pieces together at right angles. I'ake a piece of 
stiff cardboard and mark a quadrant, or quarter of a 
circle, on it with a compass, as shown in the diagram, 
with the 0“ uppermost, and whole degrees up to 90”. 
Then tack the piece of cardboard to the wood. 
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To find the altitude you must place the apparatus 
level, with the upright piece towards the sun. 
Move, the horizontal piece round, keeping the up- 
right piece steady as a pivot. Keep moving the 
hori.zontal piece until the top of the shadow coincides 
with the width of the board. 

All that is now required to he done is to place a 


A«Al.mUDE ANGLE 
BC^LENGTH OF SHADOW 


HORIZON 


HOMS-MADE APPAEATDS FOR Fmi>mG ALTITUDE OF SDN 


ruler with one end on the top of the shadow, and let 
it rest on the top of the upright piece. The lower 
edge of the ruler will mark the altitude of the sun in 
degrees on the scale. 

Warning. 

Never on any occasion try to look at the sun with 
the naked eye. You will be blinded if you do. 
Always use a piece of smoked glass. It is un- 
necessary to look at the sun at all during this 
experiment, but I have seen people trying to do so. 


L OOKING AT THimS- 2 1 

Keeping a Record. 

Now conies a very miporiant piece of work. It is 
of no use your pei'formmg an experiment unless you 
keep a note of what you do and what you see. In 
other words, you must keep a record of your experi- 
ment, giving particulars of the date, place, and hour. 

Drawing a Graph. 

I'bere is another thing you should learn how to 
do which is really quite easy, although some people 
think it is so difficult that only mathematicians can 
attempt it. We cannot ail draw pictures, but we 
can make a simple kind of picture called a graph. 

You will need a sheet of squared paper and a 
record of your experiment. It might be ruled out 
as follows : 


ALTITUDE OF SUN DURING 1918. 

January 21 si 

52“ 

July 2TSt 

82° 

February 21st 

57" 

August 2ist ... 

72° 

March 21st 

bS'' 

September 2 1st ... 

63° 

April 21st 


October 2 ist ... 

■ 55" . 

May 2i.st 


November 21st 

48" 

June 2ist 

88° 

December 21st 

42" 


How these altitudes, were taken at a place in India 
just outside the tropics, and from the graph you can 
see how high the sun got in the sky. 

It will be interesting to compare your graph with 
the graph given here. This work was done by 
young lads who were very keen to find out all they 
could about the weather, because some of them 
hoped to get a chance of joining the Royal 'Air Force. 
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CHAPTER IV 

HEAT AND THE ATMOSPHERE 
Hot or Cold? 

You will have noticed that the sun makes every- 
body and everything cast a shadows But you may 
not have paid very much heed so far to the heat of 
the sun. All of us know that the sun is like a fire, 
and gives out heat as well as light. You will now 
learn about heat and hot days. 

You must remember that all things can be heated 
and cooled. You can tell quite easily when a stone 
is hot. The air, too, can be heated and cooled ; but 
it is not easy to tell with certainty when the air is 
hot or cold. You say that some days are warmer 
than others, but it would be hard to say exactly which 
was the hottest or coldest day by remembering how 
you felt. You cannot altogether trust jmur hands 
or your powder of feeling. 

An Experiment worth doing if you want a Surprise ! 

You will understand this better if you take three 
ordinary basins and place them in a row. 

In the n^^jf-hand basin put enough cold water to 
cover the hand when placed in it. In the centre 
basin put about the same quantity of tepid water. 
In the /^-hand basin put a similar quantity as hot 
as can be borne by the hand. 
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At the same instant put the right hand into the 
basm on the right, and the left hand into the basin 
on the left. Let the hands remain in the water until 
one feels thoroughly hot and the other thoroughiv 
cold. 7 hen very quickly plunge boih hands, at the 


A SUfRPRISK IN STOKB BOR YOO. 

same instant, into the tepid water Wait half a 
mmute or so and notice what is felt. 

Although the hands are in the same water, all m 
which IS practically the same warmth, yet to the 

btnt”AoH m 

Durnmg hot ! What can be the matter ? 

Our Feelings are Untnistwortiy. 

After trying this experiment you will aeree wifh 
me when 1 say that if we wish to find C whethir a 

or' what w fed* our hands 

or What we teel. We cannot rely on ourselves 

be quite sure about heat and told. We need some 

thmg upon which we can My with certainty 

whth^^ discuss an ilsifvmmi 

which IS comparatively reh'able in the matter^f 

deeding when anything is hot or cold 



CHAPTER V 

HEAT AHD THE THERMOMETER 
The Thermometer. 

You will now discuss with me a little instrument 
which tells us about the warmth or coldness of the 
atmosphere. First of all its name k thermometer — 
that is, “a measurer of temperature." 

You will notice that it consists of a narrow glaSvS 
tube with a very fine bore, which is really a good 
deal finer than it looks. One end of the tube is 
sealed so that no air can enter. The other end is in 
the form of a bulb. Do you see the quicksilver or 
mercury? 

The tube is thickened in many cases towards the 
front. This thickening of the glass acts as a magni'- 
fyiitg glass f so that the tip of the thin column of 
mercury can be seen more readily. The tube is 
fixed to a stand on which graduations are marked. 
The little horizontal lines mark degrees, each line 
usually marking two degrees. 

You notice the word freezing. This means that 
if you put the thermometer into water which is 
freezing, or ice that is melting, the mercury will 
sink to this point, called freezing-point, and 
marked 

- When the weather is very warm the mercury 
rises to- perhaps, 76*®, and we call this summer heat. 
When it Is just pleasantly w^arm w-e see that oiir 

^5 
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instrument shows that the temperature is about 
6o® or temperate. 

Fahrenheit and Centigrade. 

There are two kinds of thermometers. The one 
in common use is called the Fahrenheit thermo- 
meter, after the name of its inventor, Gabriel 
D. Fahrenheit. We have already mentioned its 
freezing-point, which is marked 32®,' It also has a 
boiling-point — tiiat is, the point at which water 
boils, or the temperature of steam — and this is 
"marked 

The other kind of thermometer is called the 
Centigrade thermometer. This is because there are 
100 degrees, or “steps,’' between the freezing-point 
and the boiling-point. The name comes from the 
Latin words “a hundred,” and “a 

step.” The freezing-point is marked 0°, and the 
boiling-point is marked loo?. This thermometer is 
used in laboratories and in science work generally. 

Reading a Fahrenheit Thermometer. 

Many people read a thermometer incorrectly. 
First of all it is necessary to stand some distance 
from the instrument. It should hang on a wail, and 
not be held in the hand. When reading it be sure 
not to breathe on it. 

Then have your, eye in line with the tip of the 
mercury. Do not look down at it or up at it. 
When your eye is level with the tip of the thread, 
glance to right and left, and notice the graduation 
nearest the tip. As a rule it is necessary to read 
only in whole degrees. Be careful to calculate the 
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correct reading, which gives you the temperatee 
in degrees Fahrenheit. 

Rise and Fail. 

We speak of the ** rise *' and fall” of the mercury. 
Do you know whjf the mercury rises and falls? 
Perhaps an experiment will illustrate this, and the 
experiment can be done at home. 

Get an ordinary fairly large-sized bottle and fit a 
good cork to it. Then bore a hole in the cork and 
grease it The hole must be a little narrower than 
the diameter of 


a piece of glass 
tube, which must be securely fast- 
ened into the cork, and sealed with 
wax or candle-grease. If you have 
not a tube the glass part of a 
fountain-pen filler will do* 

Now fill the bottle quite full with 
water, coloured by adding to it a 
little black or red ink. Place the ^ 
cork and tube in the neck of the 
bottle, and force it down until a 
little water rises in the tube above 
the cork. Seal in the cork, and 
tie a piece of white cotton round 
the tube at the level of the water. Then take a 
basin with a little cold water in the bottom, and 
gradually pour in hot water while the bottle is 
standing in the basin. 

Watch carefully the level of the coloured water in 
the tube, and the piece of cotton. Is there a fail of 
the level or not ? Take the bottle out of the basin 
and let it cool What happens ? 


A FOUNTAIN-PEN 
FILLER CAN SHOW 
EXPANSION. 
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Why Mercury is used for Thermometers. 

Mercury is better than coloured water for thermo- 
meters. It can be easily seen : it readily expands 
and contracts. It does not stick to the tube, and at 
' freezing-point it does not freeze. If the weather is 
very* very cold, it sinks below 32®. We then have 
' so many degrees of frost. 

Experiments demonstrate the Harmonious 
V . Working of Fixed Laws. 

In. the experiments we have done so far it is 
evident that there is a law governing what takes 
place. ItiThe case oi the shadow, we noticed that 
the shortest shadow was always at noon.* There is 
no variation of this law or rule, and it works day 
after d^, as surely as the sun shines. There is 

^;'S. 'It wot h-sre 12 : 00 Greenwich Mean Time or any 
. . other kitk 4 of Time. ' * 


JDo you now understand what rise and fall mean ? 

Obviously, heat made the water in the bottle take 
up more room or expand, and so it filled up more of 
the tube than it did at first. When the heat was taken 
away the water cooled and began to contract — that 
is, it took up less room than it did when it was hot. 

We must bear in mind that, as a rule, heat makes 
ail things expand. If the air in your room gels 
hotter, the mercury in your thermometer hanging 
on the wall gets heated by the air, and it expands. 
You will find a rise in the mercury when you have 
been in the room for a w'hile, especially if you have 
shut the door and windows. Can you account for 
this? 
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nnig of the shadows arc as reeiilir 

ic passing of the days. 

we see that heat makes all tilings exp 
heat is taken away the thing he 
> oiiginal size. Here arain ic d 
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In winter the temperature falls, and when 4® C m 
reached the? water begins to expand The expansion 
continues until ice is formed, and the force of expan- 
sion is so great that very often the water-pipe bursts 
and the burst is clogged by the solid ice.^ 

When the thaw comes the ice turns into wmter 
and flows through the burst. It is not the thaw that 
has bupt the pipe, as some people say, but the 
expansion of the water when it turned into ice 



CHAPTER Vr 

THE WIND AND A HOME-MADE 
WEATHER-VANE 

“■ By at a gallop ho goes, and then 
By he comes back at the gallop again.” 

R. L. S. 

Wind. 

Who has not li.stened to the wind just as Steven- 
son did ? Perhaps the imagery of a horseman at the 
gallop has never struck one, yet all of us at times 
have lain and listened to the wind on stormy nights. 

What is the wind? Well, you remember the air 
that we‘spoke of when we were talking about heat. 
Now this air can move about. When it moves gently 
we scarcely notice it, but when it moves more 
quickly we feel what we call wind. 

As the air moves over us it moves the branches of 
the trees, just as the water moves the branches of a 
tree that hangs down into a river. The moving air 
carries along with it very light things like dead 
leaves and dust, just as water would do. 

Take a long stick and wave it round your head. 
Move it slowly at first. What do you hear ? Move 
it more and more quickly. What about the sound 
now ? 

So with the wind. When moving slowly it makes 
no sound, but when moving very fast it screeches in 
the trees as it pushes its way through the branches. 
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Wind shows its Presence by its Effects. 

We cannot actually see the wind itself, because air 
is invisible. But we can sec what it does. From 
what we see, and from what we know of the air, we 
all agree that when the wind is bhnving the air is 
moving. 

Wind, therefore, is air in motion. When the air 
is prarlirally still there is no wind. But it rarely 


A CARDBOAKfi BOOX-BOX AND LAMP-CHIMNEYS WILL SHOW CONVECTION. 

happens that the air in a particular region is still 
What causes the air to move ? 

Air Currents. 

There is one reason which we can illustrate by a 
simple experiment, which anyone can easily perform. 
Take an ordinary cardboard box, say a boot-box 
without a Hd, and two lamp-chimneys. Make two 
holes to fit tjre kmp-chimneys in the bottom of the 
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box. Light a piece of candle and place it inside one. 
of the kimp-cbimneys. In a little while 3^00 v/ill feel 
hot air coming up the chimney. Fold up a strip of 
paper and make a taper. Liglit the taper and hold 
it above the other chimney. The smoke will be 
carried damn tine chimney. This shows that air is 
going downwards to take the place of the air which, 
after being heated, has risen upwards through the 
heated chimney. It is evident that it must be the 
moving air that carries the smoke downwards and 
then upwards. The experiment shows you what 
arc called convection currents, and illustrates the 
great currents in the atmosphere which give rise to 
the Trade, Anti-trade, and other winds, which we 

discussed in the first chapter. 

' ‘ ’ ■ 

The Monsoons. " 

You saw in Chapter I. that the Trade-wind sj^stem 
would be universal if the earth were entirely covered 
with water. But the heating of the masses of land 
results in areas of low and high pressure being 
formed apart from the Doldrums and the Horse 
Latitudes. This upsets the Trade wands, and the 
chief example of this is the heating of the land mass 
of Asia, In summer land is hotter and in winter it 
is colder than the ocean. From what you already 
know it is evident that wind will blow from the sea 
to the land in summer, and from the land to the sea 
in, winter. This happens in the case of South-East 
Asia and North Australia and other places, and 
gives rise to seasonal winds called Monsoons (from 
the ArabiO mausitn>^%&2LSon), The summer or wet 
"monsoon blo^s from the south-west in India and 
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the south-east in China, In North Australia it is a 
dry south-east wind. The south-west monsoon in 
South-East Asia brings with it a vast amount of 
moisture. This warm wind is forced to rise to 
cooler altitudes when it encounters the coast and 
hiiis or mountams. Rain falls in great quantities, 
and the season (May to October) is called the 
Rains." The winter or dry monsoon blows from 
the north-east in Asia. It is a dry wind because it 
blows over the land, and the season is warm 
(November to February) and hot (March to May). 
It blows partly over the Bay of Bengal, however, 
and brings a rainy season to part of Madras and 
Ceylon. At this time a wet monsoon blows towmrds 
Australia from the north-west. You will learn of 
other varieties of winds later on when we discuss 
Weather charts. 


- ^ How Wind is Named. 

The wind is named after the pomi from which it 
blows. Thus, the north wind blows from the north. 
If you want to name a wind you must find the point 
from which it is blowing. This is not always easy. 
A straw does not help you very much, although it 
shows in a general way the direction of the wind 
You need something that shows you clearly and 
without a doubt the point from which the wind is 
blowing. 


ade Weather-Vane. 

id>.to make a “weather-cock" 
)Dr the top of the flagstaff in 
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yinir garden? It is easily made by anyone who is 
at all clever with his hands. 

All you have to do is to get a piece of tin and 
hammer it ’out flat. Then with a sharp pair of 
scissors cut the tin into the shape of a cock, arrow, 
or any figure you choose. Some people prefer a 
racehorse or a man with a telescope. But, in any 


A HOME-MADE WEATHER-VANE. 

case, be sure that the tail half is larger than the 
head. Also cut out four fairly large letters — 
N, S, E, W. Then get a piece of a pole or a round 
rod of convenient size to hold the vane. Split or 
saw the rod far enough to allow you to slip in the 
vane. Then bind the top with wire. Point the 
other end of the rod to form a pivot If you can 
tip it with metal or a nail it will swing better. 
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Then take a piece of a beam (3 or 4 inches thick) 
and bore a hole in one end, a little wider than the 
diameter of the rod. If your rod is tipped with 
metal drop a ronnd piece of tin or a halfpenny or 
other small coin into the hole to form a bottom for 
the pivot to turn on. Bore two small holes for the 
cross rods, push them in and nail on the letters. 
If you intend to erect the vane on a pole, bore 
another hole for the pole as shown. It is a good 
plan to make a V-shaped cut in the wood for 
fastening to a roof. When all is ready polish the 
pointed part of the rod with grease, and put some 
oil into the hole to act as a lubricant. It is best to 
enamel or paint' your home-made weather-vane. 
Then you can set it up, taking care that your N 
points to the north. 


Prevailing Winds. 

If you keep a record of the direction of the wind, 
you will probably find that there is one direction 
more frequently recorded than the others. Look 
around in yoiir district for any group of trees or 
solitary trees on ridges or in exposed places. N otice 
if they point in any particular direction, or lean as 
a rule towards one side. See if this pointing or 
leaning is common to most of the trees or groups of 
trees. Find the general direction in which the 
branches of these trees point or lean, especially in 
exposed places like ridges and low hills. Compare 
this direction with the direction most fx'equently 
recorded in the .tsnnd record. From what you see 
you will be able to determine the direction of the 
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preTailing’ winds of the district with fair accurac^^ 


regiiiarlj’' all the year round. 

Speed of the Wind. 

An anemometer is an instrument for measuring 
the speed of the windj and an anemograph records 
as wcdl as measures the speed. This speed is 


travels about ten miles, a strong breeze travels at 
anything between twenty and thirty miles per hour, 
a gale blows at a rate of between thirty and forty 
miles per hour, while a hurricane may reach a 
speed of seventy-five miles an hour, and often 
exceeds this rate. 


Some Interesting Winds. 

In different parts of the world there are local 
winds to which special names are given. 

The mistral blows from the plateau regions of 
France and the Western Alps, and travels down 
the Rhone Valley towards the Mediterranean. The 
fbhn blows in Switzerland, and is a warm, dry wind. 
The Solano is the warm wind from Morocco and 
Northern Africa which blows across to Spain. The 
sirocco is felt in Italy, and is a hot wind carried 
from the desert regions of North Africa. ,TIie 
bora is a cold wind which blows from the Balkan 
Mountains towards the Adriatic. The harmattan 
blows towards the Gulf of Guinea from the parched 
Sahara, and is hot and dry. The simoom is the 
suffocating', burning wind that arises in the desert 












CHAPTER VII 

CLOUDS AND ATMOSPHERIC DUST 
A Little Cloud. 

A SIMPLE little experiment will give us an idea of 
what a cloud really is better than anything else. 
Take an empty condensed milk tin. You know that 
when you open a condensed milk tin you bore two 
holes in the top. Why do you bore iwo holes ? 

Well, take the tin and place it with one hole under 
the surface of some water in a basin. So long as one 
hole is out of the water the water runs in at the 
other quite easily^ although the holes may be small 
The smaller the holes the better for our experiment. 
When the tin is about a quarter full dry it and sgrajpe 
off any paper that may be on the sides. Then set it 
up over a spirit-lamp or a candle, or place it on a 
fire, having first blocked up one of the holes with a 
piece of wood or a chip of cork, and proceed to boil 
the water. You will see a ‘‘ cloud " of steam rising 
from the other hole. 

Well, the big clouds above us are very much the 
same thing, in the case of your little cloud the heat 
of the candle or lamp changes the water into a sub- 
stance in its form like air, which is called vapour. 
We cannot see the water for a while when it becomes 
vapour. Do you notice the empty space just below 
the cloud? 

The vapour must be there, rushing out of the hole, 

39 
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tat we cannot see it. It is called steam when it i< 

invisible. 

As soon as the steam or vapour from the water 
!ses a httle and gets colder, we see it in the form of 
a httlewhite cloud. ^ Blow it with your brlath ? 
can be blown away just as a big doud in the sky is 
blown by the wind. What is it composed of ? Hold 

^ f co/r/ thing over the doud so 

diat the cloud just touches it At once the surfece 


tJSE WHAtBVER IS AT MANO TO BOIL WATER, 

of the slate is covered with tiny drops of water 
Thrs water must have come out of the tin in 

f did not .see it a^lhe wlter^e 

it was inThell^f °Y ''j” >t as water when 

timr Hr .1 ^ V But it was ms$6U, and the 

steL ^ bigger than those in the 

theTiinZf so very minute that 

SbZ“’/.uXs.'f“ 

The Air is a Sponge, 

iikTt^ SDonc7 ‘‘^spect somewhat 

water S ^n„T ’""S" quantities of 

water, you know that wind is air i„ „ 
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organisms or microbes, and these, with the inorganic 
matter in the atmosphere, form what is known as 
atmospheric dust. 

Water-vapour is present in the air in enormous 
quantities, and this is so light that, particle by 
particle, it does not possess enough weight to fall 
and is carried about by currents of air. Now comes 
the importance of atmospheric dust. The tiny grains 
of solid matter in the atmosphere act as nuclei for 
the minute particles of water-vapour to condense on 
when condensation takes place in the atmosphere. 
This condensation occurs when warm, moist air 
rises into a region of cold air. The water-vapour 
becomes visible, being tiny globules of water with a 
speck of atmospheric dust as the centre. These are; 
illuminated by the light, and when there are enougli^' 
of them to be visible we see them as clouds. | 

I hus the minute dust particles in the atmosphere 
assist in the raoid formation nf rloorle «... 


liiE sky owes a great part of its beauty to the 
forms which the clouds take. The white, billowy 
clouds which pile themselves in the heavens are 
majestic, and the long lines of low clouds are fasci- 
nating as they sail slowly across the hice of the skv 
ike great airships. The small, fleecy clouds, too^ 
lal float high up, take such wonderful formations 
that tho\r compel us to look up and admire them. 

Model Clouds. 

It gives you a greater interest in the forms the 
douds take If you can identify them and name them 

. , ^ shapes, and f have found ■ that an 

aid to learning the different forms is the making of 
rough models of the douds in cotton-wool. 

Cirrus Cloud. 

If you take a little ordinary cotton-wool and pull 
it out with the fingers into very small and liVht 

eSs^tharf.®'"' f ■ seemingly small 

a™, ^ “P atmosphere. 

otTl,! /r“" “• lines, 

or m massed formation more or less regularly as 

you have seen the “ feathery ” clouds at smise/ 
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These clouds, called the cirrus clouds, are the 
highest of all. They form very high up in the air 
where the cold is intense, and are made up of very 
small particles of ice. When they stretch out in 
curves they are called the mare’s tall or lock of 
hair. They form a glorious sight when they cover'- 
a clear blue sky and catch the rays of the rising or 
setting sun. 

At night when these clouds form very thinly 
between us and the moon, haloes are formed. Other 
names for these haloes are bwrs or coroncSt and they 
signify the approach of rain. 

These clouds are also the cause ot what are 
called mock suns and moom. These mock suns or 
moons appear as patches of bright light or rings, 
which are caused by the sunlight or moonlight 
passing through the, ice crystals of which these 
cirrus clouds are formed. 

. Cumulus Cloud. 

Take handfuls oi cotton-wool and squeeze them 
in the hand to form lumps or masses. Make a heap 
as nearly as you can like the piles of white clouds 
yoh so often see towering above you. Very often 
these clouds are like steam escaping from a great ' 
engine. They seem piled on top of each other, and 
roil over one another. Sometimes they lake the 
form of a castle,” and imaginative people see 
figures of men, animals, or other things in these 
wobliy-lookmg clouds. 

The cumulus doud is not formed at s,o high ani 
altitude as the cirrus cloud, and in India wonderfuP ; 
cloud effects, on the Himalayas are often seen when 
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these clouds form at altitudes varying from 10,000 
to 20,000 feet. The air currents between the 
mountains often cause the clouds to slide past each 
other, and one often sees one set of clouds travelling 
in one direction while quite near at hand another 
set is travelling in an entirely different direction. 


Stratus Cloud 

To fix the idea of the stratus cloud in the mind, 
lake some cotton-wool and roll, it between the palms 
of the hands into long cigar-lUke . pieces. Make 
several such pieces and stretch them out a little 
towards the ends. Try and copy these long narrow 
clouds you have seen near the horizon. Arrange 
them in a mass and see if they resemble the layers 
of cloud that often look like huge airships. 

These clouds are called the stratus or “layer''' 
cloud, and are the lowest of all. They never form 
much* higher than xo,qoo feet, and are often seen 
hovering along the hillsides and around the tops oi 
mountains. They form in the early morning, usually 
before sunrise, over valleys, especially if the valley 
is a river valley or one containing a lake. When 
the sim gets higher in the sky these clouds usually 
disappear. 

The Rain Cloud 

If you have ever watched, say during a fine early 
afternoon, the cumulus cloud drifting across the 
sky, you will have noticed, especially if the weather 
is hot and stuffy, that these clouds seem to collect 
and pile themselves up in one partmular part of the 
sky. They spread put into large banks, one above 
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the other, with great rounded r .• 

cloud uppermost Very soon a form t \ 
as cumulo-stratus (that fs a comhinot™ 

; and stratus) is seen and » . °f cumulus 

^ ctoud daea L thews’; h^e 

, It begins to look threatening mid at it t 
m size it shuts out the light ^and it i ^ '"'^teases 

and shadowy. Very often a breeze begtS'tfhf 
and before very lonp* roi u • § to blow, 

always accomp^alit" tt SrufelLd “d wt" 
large":ts::: s'cTo^urf ® 

banks of stratus that aisa.go to mate^u^Thi’dfrd^^ 


iiiilii 


^Ogs, Haze, and Mists. 

‘or haze. •' a®a, we call them fogs 

are called mists. ^ clouds 

moist air is in the proximitv rl 

is colder. . Fogs form n m ^ something which 

fogs are frequently formed '' ^ “^“'1 

places and in cool Alleys. esTSidrvTv^”'’ f f 'N 
nver. In. the early mo^ng'^SiV “ 
hills, but as the sun o-ettT®, ‘ ‘’““'’d ‘he 

usually disappear. ^ ' 'Sher these light clouds 


usually ® 

In towns and cities there is in i 


> cases a com* 
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CHAPTER IX 

THUNDER AND LIGHTNING 
A Thunderstorm. 

Let us watch the approach of a thunderstorm. As 
. we look we shall most likely see the rapid formation 
of great masses of cloud somewhere on the horizon 
If It IS hot and sultry there may be banks of cirro- 

shall see these roll up and ascend to form great 

t e ram cloud. 1 hese great clouds become denser 
as the ram forms, and as there is a great uprush of 

tll li' a “ay soon play in and out of 

thunder. As the nimbus cloud spreads the sfcv 
becomes darker and the wind rises. Very often 
there IS, a sudden blinding flash, followed by a 
deafening cracky of thunder. The rain begins to 

IndThe“S’/ k’’ fs seen! 

echoes anrit «- 

echoes Md then seems to be dying away. Bv- 

thunderstorm has passed over. There is a feelinir 
of freshness, and the air seems clear. 

™ occur in hot or warm 

rather, when there are rapid ascents of warm air 
These ascending air currents Cause a great amount 



oi condcnsalion, which results in larc-e ind 

massf., of cloud.. Tl,c thicknes.s of tC ctmk 
prevcms the ..unlight from passing through h 'l 

-3; Ant!' Jo 

■irt (.,11 riLtl upwards more coiiden.satinn f-.I-oo „i „ 

h^ J-'.T Iht r carried .st'ili 

lii . J ISXrXXr 

felTSuscn';,:"'’ wkm 

brean;“ J;;: 

“;r "ssr ««- s- »s'rs 

Lig-htning'. 

Let us BOW consider what lightning is w;„ 
know that the cloud.s are comnostl ^ 

water. When these clouds ritriith thfouSlv 

tAesTatAon^ raindrjps Some of 

these are of a greater size than the average raif 

suap;nsrnn; fhffonrofJn 

All are carried upward a: a clouA Twtr: bio"" 

nr^thrAp^n^ of -A 

Jrops of rain L I' '“f 

«.'ng heavS thAf the uS f 

--king up, into f alleTXps ‘At’ieffn" " 

>P and the proof J f 1 “med 

iprush 01 ak continuer^Th ^°i ' 

aonoor nr:_. .™ The clouds in which thi= 
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From the cloud masses there is a discharge of 
electricity, perhaps between cloud masses contain- 
ing different amounts of electricity or between the 

When the discharge takes 
called lightning, 


clouds and the earth, 
place we see a Hash. This flash is 
and thus, in all probability, is a discharge of elec- 
tricity in the sky. Great and fierce light accompanies 
such a discharge, which takes place instantaneoiisl}''. 
It is visible practically as soon as the discharge 
takes place. 

Thunder. 

The very great heat produced by a flash of 
lightning causes the air through which it passes 
to expand very suddenly and very violently. It is 
just the same thing as happens when an explosion 
takes place. 

You know that when an explosion takes place 
there is a loud bane:. This ban^- or rian whiVh 



-* I 


fore the thunderstorm ^"onfmUe awaf'’ 

ft. 102. 105, etc, 


hear the ctop.'^ ''' t*"t> stop as soon as 

Sometimes you can ^ 

the thunderstorm is very near Perl” 

even get your lips to form the num 
hghtnmg flash took place perhaps 
or in any case very near at hand.^ 

The Aurora Borealis. 

, ffttve you ever seen the "Nort 
»met,mes in the north are seen , 
til long « streamers or ravs hr 
■rections. The livht ic ■ 

tost beautifully ?-tse llT™^ 
fectnVi-fx. lights ar 


say roi» Then 
3ps you cannot 
ers. Then the 
just above you. 





CHAPTER X 

“MACKEREL SKY” AND THE SEMI- 
SPHERE OF THE SKY 

Semi-sphere of the Sky. 

I WONDER how manj^ of my readers have ever seen 
a '*sea of clouds ” from above ? If you have never 
been up on a mountain and looked dozem on the 
clouds you have missed a wonderful sight. Below 
you is a stretch of clouds as far as the eye can see. 
As a rule, such a view shows the clouds to be of a 
fairly regular level and altitude. Above is the 
flawless blue of a cloudless sky. 


THE SEMI-SPHERE OF THE SKY, 


When you have had such a view you get an idea 
of the "semi-sphere of the sky,” from the horizon 
right overhead to the horizon again. For keeping 
a cicud^ record it is usual to call the sky from horizon 
to horizon the semi-sphere of the sky, and imagine 
it to be divided into ten divisions or sections. 
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THE SEMI-SPHERE OF THE SKY 


Each section can be considered as starting from 
the zenith, or point exactly overhead, and as being 
bounded by two lines which cut the horizon. The 
Hketcli gives you an idea of the arrangement. 

According to the number of divisions containing 
ch.jutls you can write down an approximate calcula- 
tion in your record. ' I'hus, in the figure showing 
tin? semi-sphere of the sky, you see that the greater 
porliotLs of three divisions contain clouds. In your 
rccotal you will enter “3 ” under the name of the kind 
of cloud. You will learn howto draw up a suitable 
ta!>Ic for 3a)ur record when you come to the chapter 
dealing with a weather chart 

If there he no clouds, or practically none, we 
enter “ o.” If the sky be a drab grey, and completely 
c<»vercd with clouds, you put “overcast,” If it is 
hazy you enter “ fog ” or “ haze,” as the 
case mvxy be. If about half the sky be covered with 
clouds you enter “ 5 " (V.r., five sections out of ten) 
and so on. . You must use your common sense, and 
your record should not only show the kind of clouds 
on a particular date, but should give a fair idea of 
the proportion of the sky that was covered with 
cloud at the time of recording, . 


“Mackerel” Sky, 

You will most, likely notice that on some occasions 
it is not easy to name exactly a certain cloud forma- 
tion. In fact, you soon recognize that there are 
mixed formations of clouds, 

A good example of this is what is known as 
“Mackerel Sky.” You know what the back of a 
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mackerel is like. There are bands and dotted parts 
all scattered along the length of the back. In the 
mackerel sky the heavens are covered with a series 
oi bands or lines of light cirrus clouds and small 
ayers of cumulus. They appear spread more or 
less regularly right over the sky. We therefore 
name this formation cirro-cumulus. In a cloud 
record we always use contractions, and so cirro- 
cumulus would be written “d.-cu.," and stratus is 
contracted into ** str." ^ 


A Good Habit. 

We know that habits come by constant repetition 
Now It IS as easy to form a good habit as it is to 
form a bad one. I believe it is a good habit, and 
forming, to make a point of looking 

In spring, summer, autumn, and winter, the clouds 
and sky have a beauty all their own. Each season 
,as Us particular charm, and there is nothing that 
makes a walk or ramble out-of-doors more inspiring 
than to look up and consider the clouds, and ti notf 

opposite dire«ioi^"anrp7ssLre”ct°o^^^^^ 

you explain this ? f wn 

almost a? on 7 when a mass appears 

^most as one ckmd it may really be two or more 

distinct masses at different altitudes. 
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Dweiiors^ in town can look up at the sky even. 
Uioiigii their outlook on nature is narrower than 
in the coimitr3^ ^ have seen many charming patches 
of sky fn, >ni back alleys and courtyards, and have 
found that their glory is intensified by contrast 
with the squalor of the surroundings. 


II 

I 

i 

I 



CHAPTER XI 

RAIN AND THE RAINBOW 
Rain. 

'i'nosE of you who have never lived in a “ dry and 
thirsty” land cannot fully appreciate what the word 
rain ” means. T o those who have lived in a country 
in which the earth is parched and completely dried 
up for months *it a time, the wwd “rain” recalls a 
joy and gladness unknown in regions which are 
more or less green all the year round. 

In order to get an idea of what rain is and how 
it is formed, let us recall the experiment described 
in Chapter VII. Do you remember what happened 
when you placed a little cold slate near a little cloud ? 
What do you think would happen if a big cold thing 
came near a bfg cloud ? 

Well, the very same thing happens as in the case 
of our little cloud and slate. The minute drops of 
water in the cloud join together and form bigger 
drops. Of course there is no big slate near, but a 
big quantity of cold air acts in the very same way. 
This happens high up in the air as a rule, and the 
newly formed drops fall to the earth when they are 
heavy enough to start falling. 

In the first instance the tiny droplets of water 
froru the condensation of the water-vapour in the 
air form clouds, and are so light that they remain 
suspended in the air and float about. Then, if they 

56 
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carried to still colder regions of the atmosphere 
more condensation takes place, and water is de- 
posited on these small drops so that they increase 
in size and weight. 

A Shower of Rain. 

Rain, therefore, is water that falls from the clouds, 
it always falls in the form of beautiful drops which 
are called raindrops. Clouds usually appear before 
rain, but in .some cases there seem to be hardly any 
clouds at all, and yet a fine rain is falling. 

Have you ever looked at a shower of rain? As a 
rule, es])ccially if you are out-of-doors, the chiei 
thing which has occupied your mind is to get 
shelter* Now there is a charm in falling raindrops, 
especially if it is a fine rain. The drops take on a 
silvery sheen as they dart downwards, and the 
whole landscape seems to shimmer. Tree.s, grass, 
flowers, and even the roads, fences and houses, 
appear “silvered" and glistening, and there is a 
general look* of freshness. Colours of flowers are 
more brilliant*. Stones and pebbles show their true 
markings or colourings, and. rocks assume deeper 
and more pronounced shades, v Leaves and grass 
are shining with a fresh greenness unseen when 
they are dry. The rain itself glistens, and when it 
stops raining the whole view is transformed by the 
dazzle of light upon water. 

The Rainbow. 

One ot the greatest transformation scenes in all 
the natural world is the formation of the glorious 
rainbow. There is hardly a human being, I should 
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very far. And why? Because the rainbow is made 
of light. 

The diagram gives you an idea of what happens 
when there is a rainbow in the sky. You wdh see 
that the white sunlight is broken up into seven 
brilliant colours by the raindrops. 

If we consider the raindrops in a shower, the 
colours are scattered in all directions — that is, in a 
circle round the rays of sunlight that enter the 
dispersing surfaces. We therefore see the coloured 
light in a circle because the reflecting and dispersing 
surfaces are in a circle. The amount of the arc we 
.see depends upon the altitude of the sun and the 
distance we are situated above the horizon. If you 
see the rainbow from a high mountain or when up 
in an airship, it appears a complete circle if the sun 
is fairly low. The centre of the arc or circle is the 
point opposite where the observer is standing, and 
his situation must be between the sun and the 
shower, with the sunlight coming from behind him. 

You should carefully examine the next rainbow 
you see. Note which of the colours is outermost 
and which innermost. See if you can pick out the 
red, orange, yellow, green, blue, indigo, and violet 
portions. Notice in which direction the shadows 
of the objects before you fall Any drops of falling 
water will form a bow of coloured light when the 
sun is shining from behind the observer. You can 
see this at a w^aterfall or a big fountain. There is a 
waterfall in Switzerland, on the way to Andermatt, 
where a rainbow is seen whenever the sun shines 
into the valley. 



^ CHAPTER XII 

THE MEASUREMENT OF RAINFALL ANE 
THE RAINIEST PLACE IN THE WORLD 

An interesting part of weather study is to collect 
and note the amount of rain which falls. To do this 
we require a rain gauge and a half-inch measure. 

A Simple Rain Gauge. 

You can make a simple form of rain gauge if you 
have a knowledge of soldering and cutting with 

jC: ,. tinman’s shears. If not, it is a 

Wl Zr* ' ' simple matter to get one made at 


•A iJOME-MADE RAIN 
gauge. • 
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with a lip, and is accurately graduated to hold half 
an inch of rain. , It can be procured from the 
scientific instrument maker’s or the optician’s, and 
any dealer in glass apparatus could get one to 
order. A chemist might be able to get one for you 
from the firm who supply him with 
measuring- glasses. 

The top line is marked 5 or 50. 5- .5 

This means that the measure holds 
Ko hundredths or one-half of an inch — 

of rain when filled to this line. We - 

usually say “point five.” Similarly 

at 4 or 40 it reads “point ifour.” j m 

Then there are ten smaller divisions 
between each of the longer lines. 

These give second decimal places. MEAstisE. 
Thus, if the water rose to two small ‘ 
divisions above 4, the reading would be “point four 
two," which we would write down as 0*43 inches. 


How to read the Level of Water in a Measuring- 

Glass. 

Raise the measure in line with your eyes. Hold 
it at arm’s length, straight in front of you. Then 
read the lowest part of the curve. Watch a chemist 
when he is making up medicine, and notice what he 
does vyhen he reads his measure. 
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THE MEASUREMEm' OF RAINFALL 6i 

with a iip, and is accurately graduated to bold half 
an inch of rain. . It can be procured from the. 
scientific instrument maker’s or the optician’s, and 
any dealer in glass apparatus could get one to 
order. A chemist might be able to get one for you 
from the lirni who supply him with 
measuring-glasses. . 

The top line is marked 5 or 50. 

1‘his means that the measure holds 
50 hundredths or one-half of an inch 
of rain when filled to this line. We 
usually say “ point five.” Similarly 
at 4 or 40 it reads “point 'four.” 

Then there are ten smaller divisions ^ 
between each of the longer lines. 
these give second decimal places. measure. 
Thus, if the water rose to two small 
divisions above 4, the reading would be “ point four 
two,” which we would write down as 0*42 inches. 

How to read the Level of Water in a Measuring- 

Glass. 

Raise the measure in line with your eyes. Hold 
it at arm’s length, straight in front of you. Then 
read the lowest part of the curve. Watch a chemist 
when he is making up medicine, and notice what he 
does when he reads his measure. 

A Standard Rain Gauge. . 

The instrument usually used to collect rainfall 
differs in some of the details of construction from 
the simple one we have considered. The extra 
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parts are more or less precautions to guard airains 

CM wfth SometiLfa "d 

V f bottle. 

abow th be 12 inrhe.. 

e giound, and have a diameter of 5 inches 
]hare are several styles, such as the ‘ °SnoX ■ 
bymons’,” and “ Glaisher's.” c.nowaon, 

The British Rainfall Organiaation. 

r®'"*''**’ °f ‘be British Isles has been carefullv 
noted for many years. As far back as i«6o Mr 
organized and founded what JL 
called the British Rainfall Organization In ,«sfi 

^86?"Tn^aVt'^ in Britain from ,776 to 

Rainftii” Published a book entitled “ British 

Ramftll, and ,t is still published every year It 

Sitrin* Th figures regarding rainfall in 

Bntain. These figures are all carefully preserved 

ws1 recording rainfall is carried on 

systematically under the Rainfall Organization 

How to Measure and Record the Rain 

We realize at once that it is impossible to collect 
all the ram which falls. Besides, it is quite in 
necessaiy, as we shall see. ^ 

''npSthlre th^wiST “P®" 

not overshadoweiTT 

Placed thtSs r “-rnrs ry^e grr„? 

the puge IS ready for collecting rafo ^ 

instde the bortfl 'Tr' u 

uie ooltiev lo jmea.einrfn fihic- 



An Inch of Rain. 

We have been talking about inches of rain. Let 
us bear in mind that when we say we have had an 
inch of rain we mean that if none of the rain sank 
into the ground or ran away, and none evaporated, 
the area of surface under the shower would be 
covered to a depth of one inch. The rain gauge 
shows that this would be the case. As the rain 
falls fairly evenly over any area, we would get the 
same result at any point of the area under the 
shower. 
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draw the funnel and pour the contents of the bottle 
into the measure. Then read ofT the amount 
To record the amount you must draw up a table. 
The printed table shows rainfall for four successive 
days of twenty-four hours, and also the total up to 
date — that is, the amount recorded since the record 
started. 


KAINFALL RECORD. 


Date. 

Ra(n for 
Day. 

Raih to 
Date, 

jntm 15 

0 ‘ 2 $ 

i 6’44 

June if ) 

' -NU . ■ : 

i 6‘44 

June 17 ... ... 

1*46 

17*90 

June 18 

0’68 

18*58 



■ , 
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Graphical Representation of Rainfall 

Ifyoulceeparecordofrainfa,I,ouoa„.r 

graphs that are concise, and tell at a n-lanrc 
several amounts on different days. The diam 
shows how rainfall can be recorded Z iw 

mar'hi^ month. A piece of squared pai 
marked m tenths, can be used as shoxvn. J 
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the measurement of rainfall 
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1 this, and probably is nearer 500 inches 




We have noted that there is much beauty in a fall 
of rain. Is there not even more beauty in a fall of 
snow? If wc examine the snowflakes minutely, 
we shall see that each individual flake is a perfect 
geometric pattern. 

Before we do this, however, let us consider how 
snow is formed. If moist air is carried slowly 
upwards into a cold region of the atmosphere 
where the temperature is below freezing-point, and 
condensation takes place, the water-vapour is not 
condensed as tiny drops of water, but has time to 
crystallize as tiny particles of pure ice. These 
crystals are shaped like little needles or very thin 
small plates. They are all six-sided. They alwa3^s 
form on each other or on the little plates at angles 
of 6o®, and the result is a snowflake. Every snow- 
flake has a six-sided appearance. Each is like a 
star or else like a regular hexagon, having six 
principal points or sides. All are alike in being 
hexagonal, although many have countless tiny 
points or edges, one and all being at an angle of 
with its neighbour. 

When a lot of snowflakes fall they form a shower 
of snow. Sometimes the wind blows the flakes 
about, and they collide with each other, or stick 



r 


FROZEN CLOUD AND FROZEN RAIN 69 

fast to each other, and fall in little masses. It is 
then more difficult to distinguish their hexagonal 
nature, yet it is q\iite easy to catch single flakes. 
You should collect some flakes on a slate or on a 
black japanned tray, and examine them with a 
magnifying glass. You will be surprised at their 
beauty and symmetry. 


Now consider what is likely to happen if a quickly 
rising current of moist air encouiiters a ]a3'’er or 
successive layers of air with a temperature below 
fireezing-point. There will be sudden condensation, 
and ciystallization will not take place. Instead, the 
drops of water will freeze into tiny balls of ice. 
The ascending current is usuall}’’ of a cyclonic 
nature strong enough to carry these little balls to 
still greater altitudes. The chilling is so rapid 
that Ia3>'er after layer of air is cooled below 
freezing-point, and layer after layer of ice forms 
round the original small pellets. In some cases, 
when the ascent is not so rapid, snow crystals form 
round the original pellets, and freeze hard, again to 
be covered with another layer of ice, if a sudden 
ascent occurs. Thus we get a hailsto ne consisting 
of layers of ice or snow frozen hard round’ a nucleus. 
Hailstones are generally about as big as fairly large 
shot, but sometimes they are as big as a hen’s egg, 
weighing several pounds. When the hailstones 
become heavier than the force of the ascending 
currents of air, they fall suddenly. 
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field of cabbages over which a bail- 
.ssed. The leaves were holed as it 
■prrpd them, and the whole crop was 


I once saw a 
storm had p: 
bullets had p 
ruined. 

Sleet. 

Sometimes snow and rain fall together, or snow 
enters a warm layer of air and partially melts, in 
these circumstances w^e get what is called sleet 
It is usually accompanied by wind, and we feel 
unpleasantly cold and w'ct, and the streets become 





A Daily Weather Chart, 

It is advisable to draw up a daily weather chart 
to show the weather for every day of the month. 
You need not have a large number of columns; 
have just as many as you can record. Draw out 
the chart neatly in ink and pin it on a thin board, 
or paste it to a sheet of stout cardboard. 

The following sample is a handy form in which to 
keep up your acquaintance with the weather and 
your interest in natural phenomena. Remember that 
only careful practice makes perfect, and slipshod 
ways of doing things make you careless and you 
grow indifferent. You keep up an acquaintance with 
anyone in whom you are interested, don’t you ? It 
is not a mechanical interest nor an irksome acquaint- 
anceship if you feel it a pleasure, and profit by it in 
living a fuller life. 

This is how we should study the weather. To 
take notes, keep records and draw graphs is good 
so far as it goes, because it educates us. But if 
we see no wonder or grandeur in the natural 
phenomena around us, we are becoming merely 
accurate machines. 
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DAILY WEATHER CHART. 

For the Month ok 19... 

Kei*t at 


Day. 

Temp. 

AT 

Kj A.M. 

R.m.n 

FOR 

Day. 

Rain 

TO 

Date. 

Wind. 

Cl-OUBS. 

1st 

56° 

1*36 

6-82 

aw. 

7 

Cum.- / 
.try g 






/' 




■ 


Cum. / 

2ad 

■ 

58° 

0'02 

. ■ 

6*84 

S. 

/'■' 5 






Ci'r. . 

3rd 

59 “ 

Nil 

6*84 

S.E. 







■ / 






■ ■ ' 



















RKMAKKS on if’, , , , 
WEATilKR. 


Dull Riid oveicast. 
Thunder and Hj^htniug. 


Clear iuterviil.-; between 
shrtwers. Kairihtiw. 


C. R. i 


C. \l 


Fair weather. 
Sunny. 


i C. R. 


Weather Study should be a Healthy Pursuit 

To study the weather you must go outside and see 
for yourself. This is healthy, and there is no end to 
the profitable pleasure that you can obtain if you go 
about it in the right way. But if you think merely 
of keeping a neat chart, or being able to talk about 
the scientific terms connected with weather study, 
you will soon become tired. You will cease to 
notice the changes of the weather^ and you will forget 



CHAPTER XV 


SOME INTERESTING METEOROLOGICAL 
INSTRUMENTS AND A BIG DIFFERENCE 

Weather study becomes more and more interesting 
as one goes on. You will find that before very long 
you will be taking note of the weather and of the. 
things which happen in the atmosphere as naturally 
as you look at the clock to see the time. 

You will have gained by now, I hope, a Jh-$i-hand 
knowledge of the weather. This knowledge wall 
give you a fuller understanding of what is meant by 
dimate. Climate is very important, it affects the 
nature, products, trade, industry, and population 
Of a land and the part it plays in the life of the 
world,"..; ^ 

The Maximum and Minimum Thermometers. 

In order to follow up the study of the weather 
you will require to know something of the more 
common instruments used in a conventional study 
I of meteorology. 

There are two special thermometers used for 
measuring temperature. Both are self-registering. 
" One is called the maximum thermometer, because it 

registers the highest temperature reached during a 
given period of time. Examine the bore of the tube. 
Go along the tube "until you come to the bend. 
;; Notice that the bore here becomes very narrower 
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courArkied. 'Fhis constriction is the most important 
part of the inslniment. 

When tiic mercury in the bulb expands there is 
enough pressure from the vohime of mercury in tlie 
bulb to force the liquid past the narrow or con- 
stricted part. Hence when the mercury is expanditsg 
it can pas.sinto the tube, and the amount of expansion 
caused by the increase of temperature can be read 
from the top of the mercury column. When the in- 
crease of temperature ceases— that is, when the 
maximum temperature is reached — the mercury 
— — - 


MAXIMUM tHERMOMETER, 

ceases to flow past the constrictioii. When the 
temperature begins to fail and contraction of the 
mercury takes place, the mercury already in the tube 
has not sufficient cohesion and surface tension to 
force it past the constriction. It therefore remains 
in the tube, and the end of the column farthest from 
the bulb marks the maximum temperature recorded. 

After you have taken the reading you must “ set ” 
the instrument for the next reading. To do this 
you take the instrument in your hand with the bulb 
downwards. Give it a few vigorous shakes until 
you see the column of mercury join up right through 
the constriction and form one continuous column. 
There are several forms of this instrument, and- any 
good style gives accurate readings. 
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Minimum Thermometer. 

We also need to know the lowest temperature re- 
corded. This is called the minimum temperature, 
and it is shown by the minimum thermometer. 
Examine the instrument. You will see that the tube 
is bent towards the bulb just as in the maximum 
thermometer. Examine the bore. It is the same 
width throughout. The liquid is alcohol Wiihin 
the liquid is a very small index or marker. The 
marker is so light that it is very easily moved by the 
expansion or contraction of the liquid. 


mmuvu thermometer. 

As the temperature fails the alcohol contracts. It 
carries the marker with it, and the marker remains 
the liquid because the surface film of the 
alcohol resists being broken 
When the lowest temperature is reached the 
alcohol stops contracting. As the index is still 
within it, the end of the marker farthest from the 
bulb marks the top of the column of alcohol when 
it was at its lowest contraction. When expansion 
takes place the alcohol flows past the marker, which 
is not carried along, as it is heavier than the alcohol 
The minimum temperature recorded is the reading 
Ihown by the end of the index farthest from the bulb. . 




To “set” the instrument for the next reading lioid 
i,t with the bulb uppermost until the index drops to 
the top of the alcohol column. It will be arrested 
by the surface him of the liquid, and will be dra^vn 
back again wlien the liquid contracts. 

Six’s Thermometer. 

There is a combination of the maximum and 
minimum thermometers known as Six’s thermo- 
meter. It registers the maximum 
and minimum temperatures simui- ^ ^ . 
taneously. It was first made in 1781 / ' ' \ 

by an instrument-maker named Six, ^ A 
or Sixe. Cp 

The instrument consists of one * 4 || 3 - ISO I 

long thermometer tube bent in the “ I 

form of a y, and having a bulb at y 

each end. The top of the fir-cone- 
shaped bulb contains slightly com- I ” 

pressed air and alcohol vapour, and y y 

the upper part of the tube below the y y 

bulb contains liquid alcohol, which - 
also fills part of the fir-cone-shaped I I 
bulb. In the alcohol in the tube is **“ 
a small metal index. The bends of 
the tube contain mercury, which rises 
a little distance up both tubes. The 
remaining part of the tube and the 
round bulb are filled with alcohol, and the tube 
contains a metal index. The maximum tube is 
graduated from the bend upwards, and the minimum 
tube from the bulb downwards. 

Expansion takes place towards tbe fir-cone-shaped 


six’s ther- 
mometer. 
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bulb, and the mercury pushes the metal index up 
the maximum tube until the maximum temperature 
is reached. The index clings to the sides of the 
tube, the lower end marking the maximum expan- 
sion. When contraction takes place the mercury 
pushes the other index towards the round-shaped 
bulb. When contraction ceases the index clings to 
the sides of the tube, and the lower end of it marks 
the minimum temperature. To set the instrument 
you must use a magnet to draw the metal markers 
down to the levels of the mercury after each reading. 

The Daily Mean. 

The daily mean temperature is obtained by adding 
the maximum and minimum readings and dividing 
;by two. This is the recognized temperature to 
keep for making comparisons and keeping records. 

After recording the ;maximum and minimum 
temperatures for a number of years, we can fmd 
what is called the annual range of temperature. 
The annual range of temperature is the number of 
degrees by which the average highest monthly 
temperature differs from the average lowest. 

A Big Difference. Annual Range. 

In some places the annual range is very great. 
At Yakutsk, in Siberia, there is a difference of over 
100° b6|:wecn the average July temperature and the 
average January one. The average for July is 
about 65°, while the average for January is about 
"”-45'^. Hence the difference is 65° minus ~ 45*^ or 
a*b(^ut no®*. 




CHAPTER XVi 

THE WEATHER-GLASS AND THE 
MOUNTAIN ANEROID 

Climbing Mount Everest. 

Everyone was interested in the Mount Everest 
i Expedition. The gallant mountaineers set them- 

: selves a difficult task, and right manfully they 

i performed it. 

The party was equipped with a set of mountain 
^ aneroids for registering the height attained. The 

I highest altitude reached in June, 1922, was 27,300 

feeV which established a record in mountaineering. 

’ One of the climbers told me that one great difficulty 

‘ they had to face was the lack of sleep. The air at 

i high altitudes gets rarer as one ascends, and the 

j deficiency of oxygen has bad effects on the human 

i frame. 

I Now, the less air there is above us, tbe less 

i weight it has to press downwards. Everything that 

^ possesses weight exerts pressure. When we speak, 

i of the pressure of the atmosphere we refer to its 

[ vyeight as a force which presses downwards to- 

1 wards the surface of the earth. 

A Measurer of Atmospheric Pressure. 

i This can be iliusfrated by an interesting experi- 

j ment for which you will require an empty barometer 

i tube, some mercury, and a dish. Make a paper 
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fioine! atid carefullj^ fill the tube with mercury to 
%vithiii an inch of the top. Place finger on the 
open end of the tube and invert it. A big bubble 
of air will rise through the mercury column, and in 
passing will collect any smaller bubblc.s of air. 
Then invert the tube again and the big bubbles 
will ascend and pass out into the air. Very care- 
fully fill the remaining inch, and use a pin to prick 
out arty remaining bubbles. Place your finger on 
the end of the tube and invert it, holding the end oi 
the tube and j^'our finger under the surface of some 
mercury in a dish. Then take away your finger. 
The column of mercury will drop a little, and it 
will almost look as if air had entered the tube ; but 
this is impossible. What has happened ? You 
must think it out. First of all, bear in mind that 
the air is pressing downwards on the surface of the 
mercury in the dish. Then remember that because 
mercury is a liquid this pressure is exerted equally 
in all directions. 

You will follow me when I say that now we have 
an instrument that will show us the pressure 
exerted by the atmosphere. It is evident that as 
the pressure increases it will support an increased 
column of mercury. Thus the height of the column 
will tell us something about the pressure of the air. 
We have therefore a barometer, or measurer of the 
weight of the air. This experiment is known as 
Torricellfs experiment, and it illustrates the prin- 
ciple on which all mercurial barometers are made. 
The space above the mercury is a vacuum, and is 
called the Torricellian vacuum. 
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Types of Barometers. 

The two chief types of barometers are (i) the 
syphon pattern and (2) the cistern pattern. In the 
syphon pattern the tube is bent and attacht:;vl to a 
stand, which is usually graduated. If the tube is 
fastened to the front of the stand the n'.-tding can 
be taken directly. A very common form has the 
tube at the back and a dial in front. I'he dial has 


CIWERN 

PATtERN. 


sypHOi? 

PAtXKSt^f. 


a finger attached to a wheel over which passes a 
fine cord. To the cord glass weights are attached, 
one of which rests on the surface of the merciir}'. 
As the level rises the weight moves, and the cord 
moves the wheel and finger. The finger moves 
over the graduated dial, which has ‘^Stormy/* 
“Rain,** “Change,** ** Fair,” “Very Dry,*’ or other 
words indicating the weather that may be expected. 
It does not follow, however, as we shall see later, 
that in eveiy case the weather thus indicated actually 
■'occurs*-,. 
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In the cistern pattern the tube is mounted on a 
stand which is graduated. A pointer slides beside 
{he tube, and with its aid and the scale the height 
of the column can be measured, in the ordinary 
pattern difficulties in obtaining accurate readings 
arise, because corrections must be made for ** capil- 
larity and capacity.” 

Capillarity, it is - worth noticing here, is an in- 
teresting phenomenon visible ^ . 

when narrow, “ hair-like ” tubes ||?-| — Ijit 

(f.aiin, capillns. a hair) open at ^ r; l«L3S(i>Nm 
eacn end are placed in a liquid. | <; 

When the liquid wet.s the tube | j 

it rises in it; but if the liquid | j 

does not w’et the tube (mercury,' I j 

for instance) it falls inside the I :■ 

tube. Capillary attraction is I j 

very important in nature. Oil I i 

travels up a wick and sap up a 

tr^ agenejr. , ^ 

■ Capillarity and capacity cor- Ip 

rectiona are completely over- 
came and rendered unnecessary iw.jp 

if Fortin’s barometer is used. SSu? 

This barometer has a col- 
lapsible cistern worked by a screw. By this means 
the level of the mercury in the cistern can be 
brought to the zero of the scale. The zero is 
marked by a little pointer made of ivory and visible 
through the glass cistern. The leather bottom is 
adjusted by a screw, and when the tip of the ivory 
pointer jusi touches- its image in the mercury, the 
level and the zero are correct ... 


■■■■ 

FORTIN'S TYPE OF 
CISTERN PATTERN, 


By this means 
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Reading a Vernier. 


cro-fS 


o'a34 


0-05 


0‘04 


- 0-03 


o'oiG 


To get exact readings 3^011 will need to read the 
vernier or sliding scale. The vernier is arljusled by 
the screw at the side of the tube. It 
reads parts of the o'os divisions by 
dividing' them into o‘oo2 di\dsidnsl 
Tile line shown in the diagram repre- 
sents th(?se subdivisions, which are 
sometimes marked o, i, 2, 3, 4, 5 on 
the vernier. Move the vernier nntii 
its zero is opposite to the tip of tlie 
mercury column. Then look along 
the graduation marks until find a 
mark in the scale In line with 

a mark on the scale. Read the 
fixed scale first, and then add to Jt 
the reading- of the vernier. 

Thus, if the fixed scale 
reads 29*15, and the fourth 
small line of the vernier 
is in line with any line on 
the fixed scale, the reading will be 29*158. 

Some instruments show tenths, and the 
vernier reads hundredths. This is exact 
enough for most purposes. 

The rule for reading the vernier is the 
same for all styles. This rule is : Look 
for a line on the vernier in line with a 
line on the fixed scale. The reading 
shown in the figure given here is 29*76 inches of 
mercury. 
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A “Weather-Glass. 

'I'he barofiietcr is sometimes called a “weather”- 
^'lass. We have already learned that the barometer 
registers the weight of the atmosphere according to 
its density, which is affected by heat. But the weight 
uf the atmosphere is also affected by the amount of 
water-vapour that it contains. Air containing water- 
vaj)Our is lighter, bulk for bulk, than air that is dry* 

No air is ahsoluteh dry, and it is obvious that the 
height of a barometer will be affected by the amount 
of water-vapour present in the air. We know from 
experience that dry air as a rule means dry weather, 
and damp air means wet weather ; and so if the,, 
barometer is high we can expect dry and, therefore, 
fair weather, while if it is low we can expect wet 
and cloudy weather. 

However, we know that in cyclonic and other 
disturbances winds bring' rapid changes of w^eather 
locally, which are not always marked by the ordinary 
“weather-glass.” But, though the pointing of the 
finger on the dial to “stormy,” “fair,” etc., may not 
always indicate the actual weather we are experi- 
encing, yet we can be fairly certain that a rising 
barometer means settled and fair weather, wdiile a 
falling one means the opposite. 

One Inch for every 900 Feet above Sea-level. 

If we took a mercurial barometer to the foot of a 
mountain, and if it were possible to climb the 
mountain, bearing the glass with us, we should find 
I that for every 900 feet we ascended there would be 
; a decrease of about one inch in the height of the 
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mercury column. The reason for this is clear, and 
we have in this fact a method of roughly determining 
the height of mountains and places above sea-level 

The Aneroid. 

This is a barometer oi a size and shape convenient 
for carrying about, i t looks something like a watch. 
The chief pa.rt of the instrunv^nt is a flat metal box, 
circular in shape, which has little corrugations on 
the lid and sides. The .sides are collapsible, and the 
box is finely made. It is partially exhausted of air, 
which gives it a spring-like motion when the 
pressure of the air varies. The lid rises and falls 
according to the pressure upon it. llie movement 
of the top of the lid is communicated jto a lever and 
fine spring, which transmit it to a finger which 
travels on a pivot in the centre of the dial The 
finger turns over a carefully graduated dial on which 
heights of a mercurial column are shown in inches 
and decimals of an inch. 

The Mouataiii Aneroid, 

« This is an aneroid with a dial specially graduated 
to show thousands of feet. Mountain aneroids are 
made to read between certain altitudes. The Mount 
Everest Expedition had three sets of instruments 
graduated to read from sea-level to 10,000 feet, from 

10.000 feet to 20,000 feet> and from- 20,000 feet to 

30.000 feet. , 

Batographs. 

Self^-registering barometers are called barographs. 












CHAPTER XVII 


A TALK ON DEW, DEW POINT, AND 
FROST 

Evaporation and condensation are going- on con- 
tinuously in the atmosphere. As a rule, this results 
in the formation of clouds, mists, or rain. 

Under certain conditions of the atmosphere, how- 
ever, a special form of condensation is met with, 
occurring at no great distance from the surface of 
the earth. Water is deposited from the atmosphere 
- . afid other ihmgs m very tiny drops which are called 

dewdrops. This occurs at low elevations, and we 
may say that ‘dew is the moisture deposited in small 
drops on cool surfaces from the air, from the ground, 
and from living plants. This water is deposited at 
^Mce. . No cloud or mist is necessary before the tin}’- 
Idrops of dew form. At one time it was thought that 
all the dew came from the air, but now it is recog- 
nized that some of the water comes from the ground, 
^ I and in the case of dew on plants, the moisture is 
\ said to originate in the pores of the leaves. 

‘ Conditions Necessary for Dew Formation. 

, The day must be warm, with few clouds about, in 
, order that full evaporation may go on. The follow- 
ing evening and night must fee cool, with few clouds 
about, in order tlmt condensation may take place. 

' |A cle»|kyjs fissentid for dew Jormation. Clouds 
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cheirk evaporation and condensation. I'iie weather 
must be calm, or else the air will not be still long' 
enough to allow of its contact with the g-round, and 
thus permit of moisture being deposited. Wind 
will dry up any dew. Water must be present in 
some form on or near the earth's surface to supp!)’’ 
the moisture to the layers of air that are next the 
surface. 

Dew formation occurs at a comparatively short 
distance above the surface of the ground. Grass is I 
commonly covered with dew when trees and teller' 
shrubs are not. 

Dew is not Counted as Rainfall. 

I’he conditions for the formation of dew— viz., a 
w.arm day, a cool, calm night and a clear sky — are 
common in hot countries. In India great deposits 
of dew cover large tracts of the country. This 
deposit of moisture is not counted as rainfall. 

Dew Point 

The temperature at which dew is deposited is 
called dew point. It is also known as the Critical 
Temperature. It can be determined by Daniell’s 
hygrometer or the wet and dr3J^ bulb thermometer. 
Giaisher’s tables give the dew point when the 
reading's of the two bulbs are known. 

Dew Ponds. 

There are very interesting ponds or artificial reser- 
voirs hollowed out in the ground to be found on the 
chalk Downs of the south of England. This part ol 
the country is very dry, owing to the chalky nature^ 
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of the soil The early peoples living in these 
regions made ponds with clay bottoms, and below 
the bottom was a layer of dry straw. This was a 
non-conductor of heat Ixom the earth, and so a cool, 
clay surface was exposed to the atmosphere. During 
summer evenings dew was deposited and collected 
in the dew ponds.” 1'his formed a water-supply 
for the otherwise w^atcrless regions. 

Hoar Frost or Rime. 

We must remember that dew is sometimes formed 
when the temperature of the air is 32® F. or under. 
The night may be very cold, and then we find the 
dew deposited as hoar frost. You must not think 
that dew is first deposited as drops of water which 
I freeze. This is not so. The dew is deposited dn- 
f mediately as ice. Thus hoar frost is composed of 
' tiny crystals of ice deposited when the conditions of 
the atmosphere are favourable for the formation 
, of dew but the tferaperature is 33° F. or under. 

You may have noticed that the town is often free 
from hoar frost, while the fields in the surrounding 
country are not.' This is because the smoke which 
gathers over the town does not give the clear 
atmosphere necessary for dew formation, and hence 
. no hoar frost is formed, . . 

i , A “ Black ” Frost. 

When the conditions'’ of the atmosphere are not 
favourable for dew, and it is very cold, we get an 
. ' ordinary frost, sometimes called a black frost. Mo 
hoar frost op white frost is formed. Ordinary frosti 
Can only occur when the surface. of the earth is at 
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under A frost, therefore, is tliat 

condition of the air when water freezes. Any waiter 
on or near the surface of the earth freezes into ice. 
The ground becomes hard because thewatt^ itcon-^ 
tains iieeomes ice* It is not until a I/kuv sets in that 
the ice melts, and the ground becomes soft by reason 
of the melting of the ice. 

When the thermometer sinks below freezing- 
jjoint, the number of degrees Tinder 32^ F. or 0^ C. 
are called d({i^Trrs of frost. 
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THE WET AND DRY BULB 
THERMOMETER. RELATIVE HUMIDITY 
BY TABLES 

There is stil! another instrument used in weather 
study which calls for notice. It is called the wet 
and dry bulb thermometer. Before we can under- 
stand this instrument we must get an idea of 
saturation* We know that a dry sponge takes in 
water until a certain point is reached w^hen it is full 
of water. It can hold no more, and if any more be 
poured upon it this water will fall from the sponge. 
The case of the air and the sponge differs with regard 
to their ‘fporosity,” but the idea of the air being 
“ full of water ’’ can be gathered from the illustration. 

Saturation. 

The air around us goes on taking in water-vapour 
until a certain point is reached when it can take in 
or hold no more. It is then said to be saturated or 
in a state of saturation. No air is absolutely dry. 
The degree of dampness is reckoned as a percentage. 
Fully saturated air is represented by loo. 

The Wet and Dry Bulb Thermometer, or Mason’s 
Hygrometer. 

To get an idea of the degree to which the air is 
saturated we use an instrument called the Wet and 
Di w Bulb Thermomete r. A common type of it is 


shown opposite. 4^ It consists of two exactly similar 
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thermometers mounted on a. stand. One of 
bulbs is free to the air. The other is siirroundec 
cotton threads which lead into a 
glass vessel below. Water rises if 

up the threads and keeps them 
moist. 

The water on the threads in ' f 

. ■■■ .C!±Z3 ■ ■ ■ ' 

contact with the wet bulb evapo- " d]'"-® 

rates slowly or quickly, accord- ' * ~ 

ing to the damp or dry state of 
the atmosphere. If the air be ^ ' " ■**’ 

very dry, then evaporation goes ^ " "j “ 

on quickly. This evaporation ^ 
produces a loss of heat, which 
lowers the temperature of the 
wet bulb. This is shown by a I ; 

fall in the raercui'y column. If 
the air is moist, thep evaporation ij 

is not so quick, and the loss of 
heat is not so great 
Evaporation ceases when the 
air is-fully saturated. There is, 
therefore, no loss of heat, and the wet and dry bulbs 
show the same temperature. As a rule, however, 
there is a difference between the readings of the 
wet and dry bulbs. If the difference is great, then 
a considerable evaporation is going on, and the air 
is dry. If there is only a slight difference there is 
little evaporation and the air is moist. 

Relative Humidity. 

When we consider the humidity of the air .we 
must take into account two things. The first is the 


WET AND DRV BDLB 
THERMOMETER, 
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amount of water-vapour present in the air, and the 
second is the quantity of water-vapour required to 
saturate it fully. Taking this into consideration,^ ’ 
there are methods by which relative humidity can 
be calculated. For our purpose it is unnecessary to 
go into these calculations. We shall use n anr|,r 
dry bulb thermometer and hj'grometF'ical tallies, and 
by so doing can|^ad off„|.h€‘ relative humidity at a 
glance. 



t|pw to Find Relative Humidity. 

1. Be sure that the threads are moist, and that 

water is in the vessel. ^ 

2. Read the dry bulb and then the wet bulb, and 
note these readings down. 

3. Look up the tables given here. Find the dry 
bulb reading corresponding to the one you have noted 
dowm, and then run down the wet bulb column until 
you come to your wet bulb reading as noted down. 
Opposite to this in the next column is the relative 
humidity shown as a percentage. The tables given 
here show a fairly wide range of readings, and are 
reproduced by permission. A full range of readings 
and other useful tables are given in a book entitled 
“ Hygrometrical Tables,” by James Glaisher, F.R.S * 

* This book is published by Messrs. Taylor and I’rancis, Red 
Lion Court, Fleet Street, London, 
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HYGROMETRICAL TABLES FOR USE WITH THE 
WET AND DRY BULB THERMOMEn'ER 



































CflAPTER XLX 

A CHEMICAL HYGROMETER, RELATIVE 
HUMIDITY BY CALCULATION 

A Test in Accuracy. 

I V you are a student, or have access to a laboratory, 
gel permission to make a chemical hygrometer, and 
calculate relative humidity. It is an interesting 
experiment, and will test your power of working 
accurately. 

Set about it in this way. Fill a fairly large test 
tube with fused calcium chloride. Then get a cork 




LOW<«L « AM9 STAJM* 

A CHEMICAL HyfiROMETERv 

to fit it Fit glass and rpbber tubes as shown. Plug 
the long tube loosely with cotton-wool to prevent 
little pieces of calcium chloride choking it. Then 
put it into the test tube and close the cork. Seal 
the cork and tubes with Wax, and make the apparatus 
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airtight. Close both clips and weigh the tube, 
lake two larp bottles as an aspirator, and attach 
one rubber tube of jour test tube to the bottles as 
shown in the diagram. Then open your clips and 
draw off a known number of cubic C(?ntinietres of 
water. This means that you draw into the aspirator 
a known volume of air. Stop the flow at the moment 
the quantity decided upon has been drawn off 
1 hen close the clips and detach the tube. Weigh 
the tube again. ^ 

Relative Humidity by Calculation. 

Then work as follows : 

1. Note the temperature of the room. 

2. f>om the given table find the 
for this temperature., 

3. Calculate the number of grammes of water 
obtained from one litre of air, and get the absolute 
humidity. 

4. Then divide the absolute humidity by the 
saturation humidity, and get the relative humidity. 

Here is an example : 

Temperature of room ^60® F. 

Second weighing of test tube=9o-isi grammes. 

» >1 » ™ 90*142 „ 

gain in weight- 0*009 » 

In 2 5 litres of air the gain was 0*009 E^ammes. 

In I litre „ j, 0*009 -f- 2*5 

*= *0036 grammes. 

/- relative humidity - hum idity ^ 0 *0056 

saturation humiWfy ’*0*0131’ 

«= *27 or 2y per cent. 
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1 hf; amount of n.ir drawn tliroiig'ih in this experi- 
ment was 2’5 litres. 

The table given here is for use with a chemical 
hygrometer, i am indebted to Mr. Frank Spence, 
M.A., B.Sc., of Edinburgh, for the table and the 
term “saturation humidity.*' 


'iVniiierature 
in F". 

Weight of 
Aqueous Vapour 
m I Litre of 

Air. 


Milligrammes. 

32“ 

4'8 

40° 

6-5 

So** „ 

m 3 

fjo" 


7 o« 

■ ■■ 

80“ 

2 S '0 

90“ 

33’9 

lOif 

■ - ^S'S ' ■ 

no** 

.w8 : 

1 120“ 

68-4 : 1 



^ CHAPTER XX 

A METEOROLOGICAL RECORB FOR ALL 

We have now gone into the scientific side of weather 
study in sufficient detail to enable us to draw up a 
fairly full meteorological record. The actual keeping 
of even a few records is in itself a valuable training 
if done in a business-like way. For our purpose, it 
is not so much the number of records that counts as 
the method in which they are taken. Punctuality in 
recording helps to form the habit of regular attention 
to duty, and we shall soon realize that we cannot 
take at any other time a reading that ought to be 
taken at a specified time. We must grasp our 
opportunities of recording, especially in the case o! 
rare or unusual phenomena. Procrastination is 
fatal when we are dealing with such a variable 
thing as the daily weather. All readings should 
be faithfully and honestly recorded. If we are to 
receive the true education that is possible from a 
study of the weather we must work conscientiously, 
accurately, and with the desire to learn more, see 
more, and appreciati^ more of the wonderful natural 
phenomena with wtth we are brought face to face 
each day. 

A sample meteorological record for general use is 
given opposite. We may not be able to keep all the 
records suggested, but we should keep as many as 
our apparatus will allow. 



2 S! >1 

<o< 

BS 


























104 EVERYONE^S BOOK OF THE WEATHER 


A Meteorological Station. 

In schools and colleges it is a comparatively easy 
matter to establish a little meteorological station. 
I feel sure that those of 3’'ou who have been truly 
interested in what a study of the daily weather 
teaches would be glad to collect such instruments 
as are available and place them on the wall of some 
shady verandah, porch, or lobby. We do not need 
to go to the expense of making a special place. For 
a beginning make use of what you have, be it only 
an' ordinary Fahrenheit thermometer. You will 
find out about a Stevenson Thermometer Screen *’ 
and other things as you go on. 


MAXIMUM, MINIMUM, AND' DAILY MEAN TEMPERATUKES. 


JUNE 123466789 1011 12 131415 1617 18 102021 2223 24252627282930 
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BAROMETRIC PRESSURE. 


A Record Board. 

All of us can possess a record board. An ordinary 
■awing-board dr a stout sheet of cardboard will do* 


A METEOROLOGICAL RECORD FOE ALL ms 
It will form a centre of attraction if bunc- no in -i 

stuTTf H ""r? T'" 

btud> oi Hie daily weather. 

On Hie previous page is a sample of how records 
might be graphed. All such records would be pinned 

on the record board. | 

^ W OL.i.Kyf 

7- . fUJL.ajJ fUJSritJjLX^ ifAx/^, ^ ? r 





CHAPTER XXI 

WEATHER CHARTS AND WEATHER 
FORECASTS 

Weather Reporting. 

Our study of the weather wili be incomplete if we 
do not consider briefly some of the modern methods 
that^ar^dl*^^ weather on maps, and the inferences 
from drawn 

loS-,1 fffi day by metcoro- 

Th«t nffi in various parts of the world. 

-f f’l “ observers 

who are situated at various places on land and 

rave by ship.s at sea. The observers take readings 

‘“‘>^'■''^<8. and send them by 
wireless or telegraph to the central office. All these 

UD^Zhlf^ ■■^“rded and studied, and experts draw 
Z.- ^ nm''^ weather charts. The Meteoro- 

s nnKr°if^^-‘" supplies information which 

IS published m the daily press. The information is 
comparatively easy to obtain because of the large 
number of ships travelling in the south-western 

WM r”’ 1"“^ seas, from which most of the 

weather changes coiiie to Northern Europe. But it 

.S more difficult in the case of Australia, where most 
01 the weather changes come from the south'. Few 
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Cyclones and Anticyclones. ■ ; 

' Cy clones are winds which are really big swirls of 
air. They are very common in temperate iatitodes, 
where the stronger, permanent winds are not so 
effectively felt, and also in monsoon areas when the 
seasonal winds are dying down and changing. ^The^^ i 
are caused by the formation of comparatively smalb 
areas of low pressure towards which wind.s 
'fhefee winds blow obliquely owing to the rotation 
of the earth. The inswirl of air is counter*clockw’ise 
in the northern and clockwise in the southern 
hemisphere. There is a region of low-pressure 
calms in the centre of the system, because the air 
there is forced to rise upwards. Round this, perhaps 
extending for hundreds of miles, the air circles 
and forms winds. Such a system of winds and calm 
is called a cyclonic depression, and its centre is 
marked low on the chart. 

Anticyclones are the opposite of cyclones. The 
centre is a region of high pressure from which 
winds blow. They move more slowly, as a rule, 
than cyclones, and often linger over a district for 
days or weeks at a time. The descending air causes 
a region of calms and settled weather. The centre 
of such a system is marked high on the chart. 

These inswirls and outswirls of air move as a 
whole, and pass over the surface of the earth. They 
are more or less connected, and have what are called 
hollows and ridges between them. Depressions are 
separated by ridges, in which there are portions of 
high pressure. Hollows connect regions of atmo- 
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sphere where the pressure is low, and they separate 
regions of high pressure. 


Weather Charts. 

Cyclones and anticyciones are represented by 
lines called isobars. Isobars are lines on charts 
.connecting places which have equal barometric 
pressure at a given time. They are drawn accord- 
ing to the information sent to the Meteorological 
Office by wireless and telegraph. Besides barometric 
pressure the observers send the temperature, winds, 
rainfall, kind of 'weather, state of the sea, etc., and 
this information is marked on a map. Such a map, 
iwhen the isobars and other meteorological informa- 
' tion is marked on it, is called a weather chart. 


Blue sky Bright Cloudy 
patches 


Overcast 


Squally Lightning Thunder 


Drizzle Passing Rainy 
showers 


Snow 


The chart has letters, figures, and arrows marked 
on it as well as the isobars, and very often a table 
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of references is given. Admiral Beaufort drew up 
a notation for general use, in which feUe-rs signify 
certain atmospheric conditions. A modified form, 
similar to the one given on the previous page, is 
often printed with charts. 

Wind is shown by arrows, and very often a circle 
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sphere where the pressure is ioWj and they separate 
regions of high pressure. 


Weather Charts. 

Cyclones and anticyclones are represented by 
lines called isobars. Isobars are lines on charts 
;Connecting places which have equal barometric 
pressure at a given time. They are drawn accord- 
ing to the information sent to the Meteoroiogic^al 
Office by wireless and telegraph. Besides barometric 
pressure the observers send the temperaturCf winds, 
rainfall, kind of weather, state of the sea, etc., and 
this information is marked on a map. Such a map, 
[when the isobars arid other meteorological informa- 
' tion is marked on it, is called a weather chart. 


Blue sky Bright .Cloudy Misiy B'oggy Overcast 
patches 


Drizzle Passing Rainy Squally Lightning Thunder 
showers 


Snow 


The chart has letters, figures, and arrows marked 
on it as well as -the isobars, and very often a table 
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the isobars are often given in millibars as well as 


Weather Forecasts, 


generally come from the south-west. Their approach 
is usually foretoid by the barometric tendency to 
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fen— that js, a steady decrease in the height of the 

rerinn fhe location of the 

discovered by a Dutch scientisrand named 
after him, states that injje northern hemisphere if 
our back 


LEFT 


^OBSERVER 

RIGHT 


IttnsrRATING Btfys ballot’s law, 

-f l«7fr;S;fnrHr "“t blow 

Wrt?s^roteln®k a T ^he 

leartns rotation, is deflected to the right. Hence 

hekfo?,f TP''"”"’'" «head!nd towards 
the Mt of the observer. Thus an observer fcVows 

m which direction the centre of the cyclone lies and 

ter " ‘He atU falr:Thf 

. . .. He can also teij when the centre has 
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passed, because his barometer begins to rise, aiui 
continues steadily rising. It is obvious that the 
barometric tendency is veiy important, and this, 
comiuned with a knowledge of Buys Ballot’s law, 
is a great, helji in forecasting, or telling beforehand, 
what the weather is likely to be. From the infor- 
mation I’egarding winds, rainfall, kind of weather, 
etc,, in certain regions, the passage of the disturb- 
ance can be described with fair accuracy. Its posi- 
tion at a known time can be given, and also its 
direction. Thus a forecast can be drawn up, and 
from the nature of the disturbance the weather that 
may be expected during, say, the next twenty-four 
hours can be communicated to all concerned. 

Cyclones usually bring unsettled weather, gusty 
winds, sudden rain, often followed by calms. Anti- 
cyclones usually mean calm, settled weather, sunny 
and warm in summer, with fogs or mivSts in winter. 
The weather is usually dry, owing to the air settling 
downwards. 



Tm liMEs publishes each day a weather charts 
forecast, “ flying prospects/* and sea passages ’* 
based on the Meteorological Office 6 p.m, reports of 
the previous day. The map reproduced opposite 
shows typical conditions of weather for December, 
and the symbols used are typical of those used on all 
weather maps. 

Ihe thick curved lines are isobars marking the 
barometric pressure, which in this case is low to the 
north and high to the south of the British Isles. 
The lines are marked in millibars and inches of 
mercury, the lowest reading being 28*82 inches and 
the highest being 30*00 inches. 

The direction and speed of the wind are marked 
by arroTvs haying feathers and a circle. In the circle 
is a number indicating the speed in miles per hour, 
and the feathering refers to “Beaufort’s Wind 
Scale.” From the map it is seen that the wind is 
westerly over Britain, southerly in Norway, and 
then easterly, following a counter-clockwise direc- 
tion generally. This is characteristic of a cyclonic 
“ depression.” 

The numbers {34, 39, 41, etc.) are the temperatures 
in at the places indicated. 

The letters (rs, bCf 0, etc.) indicate the kind of 
tm 



.4 WEATHER CHART AND FORECAST 
weather arcordinsj to the ** BeanW , 




1 14 EVERY ON E*S BOOK OF THE WEATHER 


Forecasts for Wednesday, December 27. 

{Tivcnfy-four Hours from Miduu-hl, Tur^day.) 

1 . General Inference from Observation- at 
6 p.M. — The depression to the north ware! of S<T!tlari«l 
will maintain westerly winds generally over ihe 
British Isles. In the North showers of rain, hail, or 
snow .will occur, with brighter intervals. In tht' 
South mainly fair weather may be expected, with 
local showers of rain or hail, 'remperature will, 
as a rule, be moderate to rather low, and frost is 
likely in many places inland at night. 

2. Special Forecasts. — England, S.E., E., S.W„ 
Midlands, E„ W., Wales, S.," Ireland, S.E., S.W. : 
Wind westerly, moderate or fresh ; mainly Edr ; 
local show'ers of rain or hail; visibility good; 
moderate day temperature ; frost in places inland at 
night. 

England, N.W., N.E., Midlands, N., Wales, N., 
Scotland, Isle of Man, Hebrides, Orkneys, SheT 
lands, Ireland, N.W., N.E. : Wind westerly, strong 
at times ; bright periods ; some showers of rain or 
hail, and, in places, of snow ; visibilit3^ good ; 
moderate to rather low temperature ; frost in places 
inland at night. 

3. Further Outlook. — Unsettled genera% ; con- 
siderable fair periods in the South. 

4. Flying Prospects. — England, S.E., and Eastern 
Channel : Winds will be from between S.W. and W., 
averaging 20 to 30 m.p.h. in velocity at a, 000 feet, 
1 5. to 25 m.p.h. near the surface at sea and on the 
coast, and 10 to 20 Tn.p.h. inland. Fine to fair 
weather is probable generally at first, but in the 
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course of llie rlay conditions sf'c-m likely to revert 
to an unsettled type, with much cloud below 3,000 
feet, and showers or rain at tiroes in some parts of 
tjic area. Except for morning miHtSj visibility 
should exciaad five miles, and no impediment to 
cross-cmunfry or trans-Channel flights need he 
anticipated. 

5. vSka Passages. — English (.'hannel : Wind be- 
Iween S.W. and W., averaging 15 to 25 m.pJi.; 
mainly fine to lair, then probahdy b^.'connng un- 
sett letl, with much cloud and some slunvcrs or raiti 
in places ; visibility above fiv<= miles g'coeraily ; sea 
rnofit.'ratm 

Irish Sea : Wind between W. and S., averaging 
15 to 25 ni.pJn; weatlier varying from fair to dull, 
\vith Sitowers or rain at times in many parts-— 
perhaps hail locally ; visibility mostly above five 
miles ; sea moderate. 

Information like the foregoing is published every 
day, and it is interesting to note the weather as 
forecasted and compare it with the actual weather 
which occurs. Forecasts are now recognized as of 
great practical use in everyday life and work, and if 
we are to be up-to-date we must have a knowledge 
of wcatlier charts and their symbols. We also need 
to understand intelligently some of the natural 
phenomena we see each day and some of the causes 
of our daily weather. It will be found most helpful 
to watch the weather maps as they arc published 
and notice the movements of the wind -systems as 
indicated by the i.sobars. 



CHAPTKR XXIII 

THE TRUE PURPOSE OF KNOWLEDGE 

Success. 

Are you stili on friendly terms with the weather? 
iJo the changing seasons still interest you ? is 
your record oi the weather a living thing ? Your 
record should grow, day by day, as thi months 
pass Let me remind you that the easiest and 
quickest road by which to learn is to do. That is 
why a record is so important. 
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may be accurate in our methods of sr^eing deiailsj 
ujid yet be in danger of losing sight of the great 
and noble whole. 

We have intelligences which can, be Iraiiied to 
l.ne wonderfully accurate. But we were never rncaiil 
to become merely at^curate machines. 

Is it loo much to e.xpeot you to see the beauty of 
the clouds as well as give them their correct names? 
I'o wonder at the glory of the rainbow is the true 
complement to knowing how it is formed. 

And surely we shall not stop at a sense of the 
beautiful, and th(.)ise l>eg'innings of adoration which 
have their .sources in wonder, is there not .some- 
thing else ? What more can we see in it all ? 


John Riiskin, who saw so much of the truly 
beautiful, wrote tlje, following words, which should 
be remembered all who have learned something 
of the natural phenomena in the world in which we 
live. He said : “ All knowledge is lost which ends 
in the knowing, for every truth we know is a candle 
given us to work by. Gain all the knowledge you 
can, and then use it for tFe Ttigibest purpose,” 

And what purpose is highest in life ? Is it not to 
serve God and our fellow-men by making the con- 
ditions under which men Uveas beautiful as possible, 
and by teaching men to see beauty in life, in nature, 
and in nature^s God ? , ■; 
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inans' y«irs’ f!X]K;rK'nt:e in teaching' prarticul chemistry 
ti) v.!iti liav'c ton)|)leli*<l a coiirse of elementary work, 

ihe anihurs have ft-ll liie need of a laboratory manual nioro 
geiirral in character than those tonnnonly used. 1’he prepara- 
tion t'lf inorganic coinpoinnk is ;i very irmportant liranch of 
experimental work which is too often neglected, but, which 
form:-, a. most valuable preliniintiry tt* the study of the analytical 
methods adopted for the detection and separation of the 
elements. 

In this volunm a .-•eleinion has been made of typical prepara- 
tions whicli can casilv Ire carried tint l.rv a careful student. 


the authors’ laborntones, and found to yield satisfactory results. 
.‘\ number of .simple organif: preparations has also been added. 
W'hile full instruction.s are given, so as to render it possible for 
a student of little e.xperience to work by himself, if has been 
a.'ssumed that the work will be supervist'tl Ivy a teacher. 

The arrangement of ifie inorganic prep.arations is not neces- 
sarily tlt«it in which they should be taken ; this must be left to 
the di.scriitifm of llie teacher. But it would be well for a student 
beginning the study of organic cheniisciy to work through the 
organic part in the order given. 

Some knowledge of clcnientary chemistry is expected to Ije 
pus.sessed by stiuienis using this book. In order, however, to 
facilitate the work of those who have not much laboratorv' 
exp^n’ienre, an inlrodiictury section has been Imduded, e:ontain- 
ing a .short account of the apparatu.s and appliances required 
for the work which follow.«, and commonly found in laboratories. 





I lie s'crtion Oil (j.'iiaikative AnaJv'sin liaii been luaile .suiin. ifiiil} 
t • evipieif for niosi pnu'tie;!] purpuse:?. and ;?hiiuU! be uridcnakeii 
aiicr the preparaiion of inorganic compounds. Some knov,- 
ledge of organic cheniisiry, however, will lie retjuired iur a 
propeT linderstauding of the reactions and deleclitm ul the 
>,)i I'an'iC acids. 

k'm.ii.tilatiie work is dealt with in a .sinipie niaiiiKM- in 
ikirt J. of the hook, and here also a slier! .acviount oi tin; 
, fiai jptfi imderlying i}ua!uit.)tivu analy-si-s. and of the apparatus 
• •mpii r. cd in <-arr} ing oni the work, ha.s been iacludeii in the 
iiiiiopi-.ftiun. llie sections on Volumetric mid t Irm'tmetric 
.X'u'dysi;, are infeniled in serve osdy as a siaai intiodui'lion to 
; •■i.nx'hcs of Ouaittilalivc work. 

It is fiopecl that the book will ho found iisettil by tcacher.s, 
..i.d i'\ .'■.liuhats pieparing Ibr the v.'irious 1 uio-r'ciy evaiiiina 
ki braetical Clieniislry, the e.saiuiiiation,-, oi tiie board of 
tvdiic.ition, the I’liarmacculicai Society, and other liodies. 


CONTENTS 


PAJ^T L 

JN'r:RODUC'l.’l(.)N 

I'AGE 


Tlip: Usi-, OK SOMK, {.'o.NniON i^AIK>KAT01? V Al'l' \U.V!'\'S 

Aixn MriTirons - - . - - - . , . i 

Sli:CTlO\ ]. j-’Ri'.l'AKATION," 

Instktu'-'tions to S'rurtENTS - - - - . . 23 

A. INORGAiVIC COMrOUNDS 24 

E., Carbon Compounds - 71 

C. Physical ^^Jkasukemln'I's 93 

Section II. Qualitative Anaj.ysls 

Instruct JONS to .Students 102 

Reactions of the Metals 

The Silver Gkoui’: Silver, Lead, IMep.curv • 10;; 

'P?iE C'oppER Ckoup: Mercury, Lead, Elsmutti. 

Copper, Cadmium, Arsenic, Antimony, Tin - 105 

The Iron Croup: Iron, Chromium, .Aluminium - 113 

The Zinc i.Iroup: Zinc, Manganese, Nickel, 

'■/ Cobalt >', ! . A;'*.,':',' - '' iiS 

The Pxrium Croup: Barium, St'UONTtum, C'ai.cium 123 

The Sodium Group: roT.\.ssiuM, Sodium, Lithium, 
Ammonium, Magnesium . , . , . 



CONTEXTS, 


El,^< "i !'>NS AV' TtlK AfilJS 


\ oi- A.% \i.YSi 


i'KK Vl'Mi-A’T 1)1- 


!\ ! liOfjt'C.i !r(\ 


\I^VI I 


Sl'.i'rMX I. X'OM AII-.'J'HIf', An MA'.Sl 


AonuMsyriiv Ai.uai,imi:'1'KY 


r>>'r\SSnTM f’K'.iM VNr, WA l'B 


!V.r,\.'isTUM l.^Ji UKOM %TE 


I'tiiisr, ANti TinosciA’irAT!': 


,‘^r,\Ni»AKl) So,\!' Snj.HTiON' 


SlCUMN n. SVJMlvTUU' AX.O.ViSll 


F.vi'!A!,\nr»\ iti-' Si'MK Common Mktai.iic a\i> Aetna' 
llAUtfA!,,"' 


Si'.PAK VI iON^ 


Al'i’KAttiN 



PART L 

INTRODUCTION. 

1. G-lass tube. It is necessary frequently to cut and bend 
;d;is;i fulie in tlie littiuj:;- u]i of apparatus. For ct)nnection.s, soft 
jdass. that is readily fusible ;qlass, of small diameter, is generally 
employed. 'i‘o break this, make a cut with a sharp tile at the 
rec|nired positiem ; hold the tube lirnily in both hands, pressing 
the thumbs together (mi the glass opposite to llie cut, and pull 
the hands ajrart. 'fhe tube will In'eak evmnly at the cut. For 
wider tube this will be found difficult ; it is better to make a 
deep cut on one side of the tube, and apply to it a red-hot 
point of glass. The tube will 

eraek all round, or partly so. 

In the latter ca.se, apply the hot 
point to the end of the crack 
and so lead it all round the 
lube. The gla.ss-culter ('Fig. i) 
is very effective for glass lube of f ^ 

ail kiiuls. By rotating the tube __ ^ 

in the cj,itter, tin; edge of the 

steel wheel makes a circular Cy [ 

cuf, and with this even hard ‘ I | 

I'oiubustion tube can easily be 
broken. 

2. To bend glass tube. Hold the lube in the upper part 
of tile dame of a iish-lail burner, and in the .same plane with it, 
and^roiate tlie lube slowly and continuously on its a.Ki.s, so that 
it is unifoinily heated (Fig. 2, a). When it becomes soft, 
remove it from the dame and bend it to the required angle. 

B.P.C, A <& 
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'ri;t‘ iMTii! hijouli] then nppear as Fi^-, 2 . A If the tiibo is Iii'hIih] 
ni a I’ltnsfjH Idtrner, only a short lenj^tli hc'enmes ^ottcmcd, and 
it thtti bends like b'if,'. 2, c. This Is imtch weaker tliaii the 
jjjfjper ijeiul, and is liable to break under a slight stress. 

To draw out plass tube to a cajallary, tlir tub(.> is tir.st 
soffeni'd in the Ikinsen burner, with I'ontimua! mtation, then 
reui>)V(-<l fiorn tla* tlame and the two portions drawn a]uirL until 
the eapillary i.s of the required diaineler. If tlie taipillar;' is to 
IniM; a liiiFi: wiDi, tlie tube must he kejjf soft in the ilaiue, before 
drawine', uiuii die wall lias thickened stiffieientiv. 


To seal the end of a tube, it is best to dratv off a portion 
as just described, and then, in a .small flame, draw off the 
narrow portion wliere tlie narrowinj*- just begins. In this way 
the inside of the tube is kept free from moisture. 

F'or hard Jena glass or combustion tube, the blow-pipe flame 
uill be required, and for the hardest combustion tube, the oxy- 
or)al gas flame. 'I'lic blow-pipe flame, may be made my.ch more 
efTretive by allowing it to impinge on a vertical firebrick slab, 
placed just behind th<; article to be heated. The heat i.s thus 
to some e.xtent conserved. 

3. Corks and cork-borers. Corks should be made of 
.sound bark only. Before use they should be well softened in 
IIk- cork-press, or liy rolling under a flat weiglit. I’o bore the 
cork, a hover .should be selected slightly 1<jhs in diamctf.u' than 
tiic tube to be inserted. Begin at each end of the Cfwk and 
bore half-way through, rotating the borer on its axis and 
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;ipplyin|4 only n sli;j,lu iirehhure, With a little CHre the holes will 
meet midway. Suiy.sequent filing of the hole is not to he 
rei-(imim,“nded. as this seldfim gives a gas-tight joint. 

Rubber stopperiB may Itc bored similarly, but the hole 
.should lie made iRun one enrl only'. The borer should be a 
liltle larger than the hole re- 
quired, aiul .should be liiliriented 
wiih causdr .soda .solution dr 
glyeeriue. 'I’iie lioiv-r must also 
l.ie sharrt. it may lie sharpened 
by rubbing the outbade of the 
edge with a tile, Im! better results 
are olrtaintjcl by using the sjjccial 
sharpener. 

4. To fit a. wasii-bottle. 

Vhe s omstnieiion is shown in the 
diagram ■: I'd;;. 3;. ,\ rubber cork 

gi\e:'i a more gas-tigdit. apparatus, 
but slinuhi not be used with 
organic litjuids, as ahohol, eth.er, 
etc. When using unpleasant- 
smelling liquids like sulphuretted 
hydrogen water, a rubbtu' tube 
may be placed on the end of the 

glass lube, air blown in and the rttbber then closed by the finger 
anil thnml,). The stream of water will continue for a short 
tiiiie. The pri's.sure on the lube should be released before 
agtiin applying the mouth. 

• SOLUTIONS, 



5. Preparing 



a substance for solution. Materials that 
occur in large crystals should be ground to 
a niore or le,ss fine state of division in a 
Wedgwood or porcelain mortar (Fig. 4), 
The jn-oce.ss of solution will then 1 re much 
more rapid, whatever the .solvent may be. 
For hard materials an inns mortar nuiy be 
u.sed, 1 lui there is some risk of contamination 
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V. '.li! irn!'i, nnd in quantitative analysis this ih to ht; avoided. 

Mi’.'s r.ils, ivhiGh must be reduced to an hni)iilpal)le ])n\\der 
: before the treatment u’ith the acid to 
. . obtain a solution for analysis, may be 
\ : crushed to small pieces in the steel 
crusher (Fig. 5). This consists of three 
.parts. The hollow cylinder fits into the 
V . cavity in the. base, and the ram fits into 
. . the cj-linden The mineral is placed in 
v, ... • .... J lire latter, and tlie rain hammered in. 

.The coarse powder so obtained is then 
; .very finely, ground in the agate mortar 
j (Fig. 6 ). To obtain the finest powder, 

. a very small quantity is ground at (.me 
: tiine,' until the gritty sensation can no 

"■ ^ 6. Maldng a solution. In general 

— ' it Ls sufficient to bring the snh.staiv'f.-, in 

^ a .sufficiently fine state of (|i\-ision, and 
-■■■ ' ■ ' solvent together in a beaker or 

flask, stirring or sha.king fVe.cjueritly, and 
heating if necessarj' on the watcr-liath. The stirring, if it has 
to Ik- long -C(;n tinned, may be eltectod by means of a water- 
turbine (Fig. j i). 

_ Win-!', a v{.tlatiie solvent like alcoltol or cldoroforni is being- 
used, ihe solution should be m;ule in a flask fitted with 
:i reriu.v condenser, and heated on the water-bath (Fig. 18), 

To c-ii-.ure that a solution is 

.siUiiriUed, tlierc must be some of f ) 

the siii)'.t;ince 'the solute) remain- 

lag luid.osiflved when the opera- 

lion is liver. 


-SOLUBiUTY. 

7 , The soiubilily of a substance 
varies with (!»,* (<‘mperature, in- 
crea dng in the majority of case.s 
with incrviiscv of temperature. All 


SOLUBILITY. 


S 


thertjfcjro, be made at a definite tempera- 
kept constant while the solution is being 


detenninati' >ns must, 
turc, whidi nmsi. be 
prepared., 

Thfe thermostat is an apparatus for this purpose. It con- 
sists of a water-bath of sufficient magnitude, the water being 
keiit gently moving by means of a current of air from a tube 
let slo\‘,'n to the bottom, or by some form of mechanical .stirrer. 
Tin; uanperature is kepit constant by interposing a gas- 
regulator between the gas-tap and the 
burner. There are many forms of regulator. 

A simpU' one, Rei char dt’s, is shown in Fig. 7. 

'I'll!* bulb of mercury is clamped in the bath. 

'i'lie gas jiasses in at a, enters the opening 
at till' bottom of tlie hollow groimd-in stopper, 
and pa'^se.s from the latu.r at /> to the burner 
umler the bath. Should the temperature rise, 
the mercury eNpamls and iiarlially closes the 
sloping o])ening :it the bottom of the stop- 
per, thereby diminisliing the gas-supply and 
latrering rhe flame. .A fall of temperature 
results, with opposite effects. In this way 
the lem}3crature of the thermostat can be 
kept within very narrow limits, say half 
a degree, this dejtending on the construc- 
tion and sensitiveness of the regulator, 

.size of batli, etc. For difl’ercnt tempera- 
tures the amount of mercury is varied 
by means of the bra.ss scre-w at c. A 
small by-ptiss prevents extinction of tlie 
tlame. • 

8. To determine solubility. The material to be examined 
is jrlaced, together with the solvent, in a flask or bottle, which 
is then closi'd, immer.sed in the t])ermo.stat, and frequently 
shaken or ke])t in motion mechanically. After an hour or more 
it portion of the dettr liquid is poured into a weighed, stoppered 
bcutle, allowed to cool and weighed. I’lie amount of dissolved 
snb.Hance is then determined by a chemical analysis, or by 
cvajKjrating ;ind weighing the dry' residue. 

The rehition of solubility to temperature may be shown 
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Sohiui 


''i§^lphate, 


Sbcliiim Ghlori'de 


Degrees Centigrade 

Fii;. 8. 

As an example, tJetcrminc tlic solubility of potassium dichro- 
mate at various temperatures, and draw the solubility eurve. 
Ik'^in with a solution saturated at 8o'’—'9o'', by immersing in a 
large beaker of water. The g'as-regulalor may be dispeflsed 

^The tliUa for these curves are taken from Comey’s Dictionary a/' 
Chemical SoluHlUks, 
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will]. De-rant a jjorlinn into the weij^hlng-boUlc, allow to cool, 
wriali, ilirn wash out into a weij^hed porcelain dish, i;va])orate 
to dryness on the nater-batli, and heat gently with t]]c naked 
liaint' unti! tin; weight is constant. Allow the remainder of the 
litjuid to coo], take off portion.s at 6o“, 40’, etc., and proceed as 
before. From tiiese weights the solubility may be calculated at 
otK’e, in grams (,)f dry solid j)er hundreil grams of water. 


CRYS'rALLLSA'riON. 

9 . From tin* aljove solul)i!ity curves it i.s obvi<ius that if a 
solution, say of polassiani nitrat(!, saturated at 80% and con- 
taining therefore lyz gj'ains of solid ])cr 100 gram.s of water, be 
cooled to 20', the li(]uid then retains only 31.2 grams ])er 100 
grams of water. A (juantity of jiitrate therefore, igo.8 gram.s, 
must separate from the liriuid. 'I'liis .separation of a dissolved 
substance on cooling a solution saturated at a higher tempera- 
ture generally take.s ]jlace in forms of definite .shape, called 
crystals, and tlie proce.ss is called ciystallisation. 

10. Purification Ijy crystal li.sation. If the original sub- 
stance contains ti soluble impurity, thi.s may be wholly or 
partly removed by crystallisation. If the impurity does not 
saturate the liquid at the lower temperature, it will all remain 
in the mother liquor, and the erystallised substance w'ill there- 
fore be free from it. The degree of purification thus depends 
on the amount and solubility of the impurities, and repeated 
recrystallisalion is sometimes necessary to obtain a pure 

•: product. 

In cases where a sulistance is much less .solu]:)le in the cold 
than in* the hot solvent it may he obtained in the form of 
very small crystals (“ me:d ’’) by rapidly cooling a hot saturated 
so'iuiion, stirring or shaking meanwhile. 

11 . Fi'actional crystallisation. In the case of two 
'-uhHtancc.s of tliffercnt .solubilities, the less soluble will crystal- 
lise tlrsi, with only a small amount of the more s(jlul)le. A 
s< (Union, made from the product thus obtained, will by a second 
crviiuailisatinn yield a less imjmi'e substance. The ])roduct 
shfjuld always be te.sted for the more .soluble .substance, and if 
this is found, the process slnjuld be repeated. 
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Ey iV;tcti<ni:il cryhtallisation, sulwlanres having similar Sijlu- 
biliiios may bo scpanilcd if one is present in much kuym,'r 
quautity than the other. 

A separation may often be effected Ijy pounny oft the licjuor 
from the fir.st crop of crystals, before it has cooled to the tem- 
pesatnre at ’.\hich it is saturated with the second substance. 
Tilt' fitter will then cry.slallise on further coolin.q, together with 
some of the first substance. 

The taldc t.f soluldlities given in the appendi.v will be fcund 
ust'fiil in the above operations. 

Certain substances crystallise together in the form of double 
salts, c.g. fcriMus sulphate with ammonium sulphate to form 
ferrous anitrionium sulphate, FeSC),j(NH,})MS04 + 6H20. Such 

( ompounds cannot be separated by this method. 

12. Isomorphism. Substances of similar chemical consti- 
tution, having an equal number of atoms in their molecules, 
and crystalli.sing- in the same form, are termed isomorplious. 
d’bey often have certain elements in common, and show analogous 
properties. Siieh substances have also the property of mixed 
ciy .stallisalion, that is, the crystals separated from a solution of 
two .such bodies contain a mixture of the isomorphous com- 
pfimuKs, even when the concentrations of tlic two bodies in 
the solution differ considerably. Such compounds, therefore, 
cannot be separated by cry.stallisation. 

The law of isomorphism was discovered by Mitscherlich in 
1820, by an e.xaniination of the corresponding salts of phos- 

phoric acid, Il,PO.,, and arsenic 

acid, HjAsG.,. Examples will be 
given later, in the alums, etc. 

13. Growth of 
By .slow ^evaporation of the 
solvent larger tind purer crys- 
tals: are obtained. This may be 
effected in a: /shallow ffat-bpt- 
toraed crystallising dish (Fig. 9). 
~ '"TT small crystals which sejm- 

rate first from a solution'' are 
U-sually perfect. If such crystals are .suspended in the saturated 
solution by a hair or silk fibre, or if they are turned c\'ery day 









on different faces, s(} (hat all are equally exposed to the action 
of the solution, large and jjcrfect crystals can readily be obtained, 
lit a crystalline mass, however, the individual crystals are 
usually incomplete or distorted. 


PRECIPITATION. 

14, When solufions are mixed containing two bodies which 
can, by interaction, produce another substance insoluble or 
sparingly soluble in the solvent, then, in general, this other 
substance is produced, and separates from the liquid in the form 
of a precipitate. Thus when barium chloride and sodium 
sulphate are dissolved separately in water, and the solutions 
mixed, Iiarium sulpliate is at once separatetl as a Avhite precipi- 
tate, this being practically insoluble in water. 

Precijiitaiion may take place slowly or rapidlj', and is less or 
more complete, according as the precipitated substance is more or 
!es.s .soluble in the solvent. A change in the composition of the 
solvent often brings about precipitation or rapid crystallisation, 
as, for example, in the purification of common salt (par. 28) 
by dissolving hydrochloric acid in its saturated 
aqueous solution, the addition of water to the ; 

alcohfil in the preparation of iodoform (117, 5 ; 

129 j, or the addition of alcohol in the precipitation J — 

of lead sulphate (303). The rate of precipitation f ^ 
is often increased Iw vigorous stirring or shaking 
in a tightly stoppered precipitation jar (Fig; lo). 

In all cases the solution should be constantly 
stirred while the precipitant is added, to ensure 
thorouglf mixing. A large excess of the precipi- 
tant should be a\'oided, u'hen possible, in order 
lo facilitate the subsccpient washing. 

When tiu; solulality of the precipitate is not 
tijiprei'iably increased by heating the liquid.s, it i.s 
often advisaljle (r) do this ; the I'esult is to render 
the precipitate more granular. Many precipitates 



('HEMISTRV 


II. {TuRiine, etc.) 


'I'he .small wheel nf the turbine is coupled Ijy means of 
a thill cord or rubber band to the wooden pullcj- l\ in which llic 
bent j^hiss rod sli rn.‘r is jinnly iixed. 


FILTR.-VnON. 

15. Ik-fore filtering'' off a prccipittite it is in general advi,s;ible 
to allow it to ;ind to filter the clear liquid first, 'i'hc )irc- 

cipittite nitty then be washed by decantation, that is by 
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mixing ii. with fresli solvent and aj^ain allowing to settle, after 
boilittg if nercssary to facilitate the removal of the impurities. 

For the large quantities of litjuid em- 

ployed in pre]iai‘a.tions, a cloth bag filler 
may be used, made of stout calico and 

snp])i)rled on a wood frame. It is also — ' — / 

useful to employ a fluted filter of paper. \ / 

'fills is made by folding the paper into 8, \ 

jb, or 32 folds according to the size of \ Y 

pajier, instead of 4, and then arranging 
th(‘ folds alternately inwards and out- 
warcis. The filter is then arranged in a tZlJ if \f 

series of ridges meeting at the apex. u v I 

This ensures more rapid filtration. M 

When it is desirable to filter a hot, ' 

nearly saturated solutitm, the filter funnel 
must be ke])t hf)t to avoid crystallisation of the substance. This 
may be done l.)y placing the funnel in the hot water jacket 

(Fig. 12), passing the stem through a good 

\ / cork in the bottom of the jacket. 

\ / Filtration, may be hastened in several ways. 

\ / In analysis it often saves time to place a 

\ ■ / small fall-tube (Fig, 13) on the end of the 
\ / funnel. 'Fhis ctin easily be made by softening 
a glass tube in a large flame and then bending 
it into a complete circle. The lower straight 
piece should be six or seven inches long, the 
J ujiper one short. ' 

"I 16. Filter pumps are commonly used to 

accelerate filtration. The upper end of the 
( (w/ punij) (Fig, 14), which may be of glass or 

VI.,'/ metal, is firmly connected to the water-tap by 

means of strong pres.sure tube, secured by 
copper wire. The. water issues through the 
J narrow jet a, and at a high speed entens the 

Fis. 1-3. slightly wider upper end of the lower tube, 

' forcing the air clown this tube in its flow. 

rii(; bendings in this tul)e are intended to obstruct the back- 
ward }.)a.ssage, of a,ir. A diminished pressure is thus created 



in i.lic Ifulb Ilf the punii), and in any vessel connceUal with 
it liy means of tlm side tube. 'Fhese pumps are very iist'ful 
for va,('nuin disiiilaiion, and die ])ressure cmi readily be rccaiced 
to 10-12 mra. 

Hie pump flask h shown in the diagram is of ^strong glass, 
and the. lUirhner funnel v 's made ol porcelain, with a lilt pei- 


fnrated bottom which is either of one piece with the funnel 
or detachahie. An ordinary glass funnel may bo used, and the 
jierforaled porcelain plate inserted. 

'I’be perforated bottom or plan* is rovercd with filter pajrer or 
bnen, cut to tbe rcfjuircJ sbape. This is then m()istencij with 
water, turd pressctl down that the edge is completely closcal. 
The pump should lie working slowly while this i.s done. To 
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ASPIRATORS. 


I 


stnj) tlio jjiimi') when iiltnilion i.s over, deiac/i the tube from 
the pump llask, :md tlien tuni off the water. If the water is first 
{urn.ed i>ff, some may run into the pump flask on atxouiU of the 
low pressure therein. 

17. Washing’ precipitates. As already explained, this 
may I'Je done ])artially in tlie prcci imitation vessel by decantation. 
Tilt liquid in each washing should be run off as completely as 
po.-isil.ile before adtiing the next. This applies also to the linal 
wa.shinji on the liltei'. .Sujipose that in good and defecti\'e 
working rc'hpectively one-tenth and onc-half of the liquid is left 
ea-'h time when the next washing is, added. Then after three 
nashings the concentration of the impurity is reduced in the 
first case to one-iliousaiKlth, in the second case to one-eighth 
only c»f its original \-alue. 

W'hiai ihe material to be filtered is .soluble, as in the prepara- 
tion of cryslalliseil srdt.s, tin; quantity of solvent used for washing 
must of course he as small as possible. 

When the jiuinp is lieing u.sed for filtration, it must not be 
at work when tin; wasliing is done. I'Jctach the tube from 
the pump flask, add the washing licjuid to the funnel, and 
gently mix it with the ujiper portion of the substance, taking 
care not to disturb the filter cloth. I'hen allow the liquid to 
percolau; ilirough the mass biy gravitation, and use the pump 
only ti) complete the draining. In this way the whede mass of 
f ile material i.s waslied by the liquid. If the pump is constantly 
» at work, the washing liquid is simply drawn through the mass by 
the easiest route, and the washing is consequently incomplete. 

^ To uKike the draining off of the liquor as complete as po.ssible, 
the substance in the funnel may be pressed down by aid of a 
flattened i^iass rod, or the top of a flat glass stopper, 

AS PI RA'FORS. 

18. These are enijiloyed for various purpo.scs in which a 
sligiitly reduced iircssiire is required, as c.g. for drawing a 
current ot air tlirough an apparatu.s or a liquid, to assist filtration, 
«;tc. 'I hey are of \arious forms, .some of which arc shown in 
the diagrams. An ordinary glass bottle may be employed 
(big. 15, a\ iitted with stopper and two tubes. Water is run 





similarly, the water being drawn off by the glass tap at the^ 
bottom. A small aspirator may be made at once by simply 
intcriing the wash-bottle (Fig, iC), and allowing the water to run 
cjifT by the short lube. A screw clip on the rubber tnlje 3 -egulatcs 
the how of the water. 

These aspirators are, however, intermittent in action, and not 
of great p<nver. The m(jst gcmerally useful, and at the same 
time tin* most powerful and continuous for oialinary laburatoia’ 
use, is the water pump already descri 1 x;d (Fig. 14). 

By moans of the water pum]) also, a current of air under 
increased pressure may be obtained, - The arrangement is shown 
in Fig. 37, Water and air together are forced into the bottle by 


EVAl’ORATION 


tlu* i)iini[». TJie wiiter is run offal the bottom, and tiie compressed 
air escapes by tire side tube at the top of the bottle. This 



^C5uieiit of air can be made powerful enough to work an oi'dinary 
tgas blow-pi j>e. 

. E\’’Ar'ORATION. 

19. lii many cases a liquid may be evaporated by boiling it 
in an (rpen ves.sel, ]>referably one which gives the liquid a large 
siirfarv, without dctJ-iinent to, tir los.s of, the dis.solvcd substance. 
Porcelain dishes are usually employed for this purpn.se, 
Ivvaporation may also be carried on more slowly, by heating 
on a .stcanr-hatlr. A simple .stcam-balh maybe made by boiling 
water in a b.eaker, and placing the dish containing the liquid on 
the nrouili of the Ircakcr. 


k 
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■ lise ni' tlio Ic-s i-. (’ontiniK'd in the iipng'lU iron rod, on which a 
C!.uii[> in.!} i>i- lield j'nr tlu- support of a reflux condenser. 

li'. nponinon tn;i.y also be carried on by distillation, with con- 
'icii.-jaiiiii! t'i rlic sctlvent if iliis is of value, 

\V1ien it is tiesirable to evaporate a liquid rapidly without 
nun i! ir.i reasc; of toinjierature, this may be done by distillation 
sin-b-r diminislieii j rrf.'s.sniv, at tlic ordinary temperature or a little 
o,t'i' :r. In tliii case file liquid i.s contained in a strong', round- 
'nnii-tiijcd flask, and a tulie drann to a line capillary passes into 
flic iiijiiiil. For leci-iser n distilling flask or j)ump flask is 
taken, and fills i.s exhausted by the pump, with an interposed 
t-mpfy bouic in ra.se of accident from a back-flow of water. 'Hie 
t .ijiiiiary above refen't'd to admits a stream of minute air- 
bubbles fhrougli file li(|ui(l, which secures regular boiling. 

'1 lie \a<iiuiii d('sic''aUir ('Figs, iq, ao), may al.so be used for 
j'apid t'\'aporntiun at the ordinary temperature. 

DRYING. 


20. Desiccators. A desiccator is a vc.ssel in wliich a dry 
atrnosjiliere can be maintained, and which can be made gas-tight. 



tf; PRACTICAL 

\ i\an-r bJilh, strictly regarde<l, is one in which the vessel m 
i„- iuMted is immersed in the water. -Such baths are .. ten 
en.piuyed, as c,?'. in determining solubilities as dc-senbed earlier. 
l!ul dm term is also applied to all kinds of .steam-baths in which 
the steam is generated irom water in the same batli. 



One of the mo.st convenient forms of such wtiter-balhs for the 
working bench is shown in Fig. ill. As indicated in the diti- 
grain, the amount of water required is small, and this tidtuits 
of rapid heating. Tlte constant-level itrrangeincnl at the side 
obviate-., the risk of boiling to drync.s.s. A series of conccntric 
rings of copper or porcelain on the mouth of the bath makes 
possible the accommodation of vessels ot tlifferenl sizes. Lastly, 




DESirC'ATORS, 


one (if the* is runliniKH] in the upright iwn rod, on \\'hich a 
clamp may he held fur (h<“ support of a reflux condenser. 

ICvaporation ma.y also be carried on by distillation, with con- 
densaliun of the solvent if this is of value. 

When it is desirable to evaporate a liquid rapidly without 
murli increase of temperature, this may be done by di.stillation 
under diniinislied ])ressurt, at the ordinary temperature or a little 
u'.er it. In this < asc the; liquid is contained in a strong', round- 
bottuined flask, and a tube drawn to a fine capillary passes into 
the li(|uid. For ifceiwr a distilling flask or pump flask i-s 
taken, and tliis is exhausted by the pump, with an interposed 
empty bottle in i use of accident from a back-flow of water. The 
rapilfary abdve referred to admits a, stream of minute air- 
hub! tU's through the liquid, which secures regular lioiling. 

I'he vacuum deBiccator (Figs. 19, 20), may also be used for 
rapid evaporation at the ordinary temperature. 


DRYINC 


20. Desiccators. A desiccator is a vessel in which a dry 
atmosphere can be maintained, and which can be made gas-tight, 


ll is cmjjjrn-ed fin' a variety of pnrnose.s. Crucibles are allowed 
to coo], before wcii’hing, in die desiccator; weighing bottles 
B.l’.c. R 



undei C(l}4'e of the cover is slightly greased. The bell-jar 
fFig. lias the lower rim well ground, and stands on a thick 
ground glass jiiate. The drying agent is placed in sJie porce- 
lain trough, on which a dish or crucilile may be laid. The 
bell-jar is closed by a stopper and glass tap, so that, like 
Fig. 20, 1^, it may be exhausted, and the tap then closed. 
A good variuim desiccator should prc.servc the vacuum ftir 
several da,ys, hut this .should be tested, and the exhaustion 
repealed. 

'Fhe di’ving of a solid substance may be assisted greatly 
by Kfireatling it on a pO^'OTlS clay plate, c.spccially if it bo 
finely divided and retentive of moisture. I'hc clay absoi-b.s llie 
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< mitaining substances for analysis may be ke]R tlierein ; crystals 
any he dried, or liquids evaporated, especially in the vacuum 
form of apparatus. Two forms are shown in Fig. 19, and a 
third in Fig. 20. The drying agent, sulphuric acid, vrith or 
witiioiu pumice, or anhydrous calcium chloride, is placed in the 
lowt-r part sof tlic vessel. Calcium chloride i.s preferable to a 
i'liuid, in .'uj a[^j)aratus which has to he ctirried to and fro, and 
for \ai;umii desiccators sulphuric aciil should not be used. Ihe 


nKvr.\{i OVENS. 



water .-liowly ; tlie eirOnt; lutty be flmlier accelerated by placing 
tlic- plale iti tiii,' x'.'icuniii ilesiccanjr. 

21. Ovens. I'cr drying at higher temperatures, water, 
-.leain isr hot-air <(vens arc entplftycd. The construction of :i 
ttascr-uien is shown, partly in .section, in Fig. 21. ' It consists 
of !! dtvnldowalled box, usually made of copper, the water being 
Minuiini-di iri the space between the walls. The glass gauge at 


Section 


tlte side .shows the level of water. A constant-level device may 
also be fitted, 

'I'lie steam oven is of .siinihir construction, the steam circu- 
Iitting through the space between the inner and outer walls. A 
nuinbei- of th.e.se ovens are gt'ncrally built together, the stcam- 
sjace sunounding each compartment. 

i-'or Uun])eralures l!elf>w or above 100°, simil.ar oven.s may be 
ust'd, uith utlver li(p.uds, or hot air may be circulated through 
the walls. 

The air-o\’en ih'ig. 22) need be only a simple box, and is made 
of sheet copper {)S" irem. The outside is sometimes covered 



v,i(h ::i:*;b(;.st(ts board to diminish the loss of heat. A tlicrmo- 
meter is itisertcd in the top, and the temprvattire may be kept 
crn-.iant if <lesired by using' a thermo-regulatur such as that 
alrea/ly de.scribed (Fig. 7 , par. 7). 

f'h'eat rare must be exercised in the drying of all substances 
vrhirli iirc affected by heat, as, e.g-. salts containing water of 


crt’’',talli'!:),iion. Such bodies must, in gcuteral, be dried :it a low 
leinperaliire. 

22. The drying’ of gases. T])c ojrerations of washing and 
dsung gases are continually used in tin' laboratory, the general 
)U()< eduu.' being to bubble the gas through the lii[ui(!s in 
wash'boltles. An ordinary bottle lilted jis shown in Fig. a 3 , a, 
will serve for this purpose. A ground-in top carrying the two 


'i'liK hRV]^X; OF GASKS, 2T 

liilu.-. is ufu n 'Dii'i luis the advanlHge ol'hfin!^ entirely 

riiride of gias-. hut (hr sKjjijjcr is sojnetinies ioitsenod hy the 
j(!(-ssure of' lictter t'orin is the Dreehsci nash-hotlle 



(Fig. :!, 5 , Ok wliieh is all of glass and in one piece. The entrance 
tijia; is uidraicd insirle, so that in the event of a bnck-])ressure 

fhr. liciuid cannot rea.ch th.c' upper part 

uOiK-whe. ^ ^ ==i 

Water may he used for removing’ sol- tr u 

uhle iinimritics from g’as(.:s wlsich are 
themselves sparingly soluble in water. 

If the is stjiuble in writer, its satu- 
rated ss'iution nia\' be emi'jloycd to wasli 
it. for tlrying, sulplmric acid is gene- 
rally useful. J 

'L'o ensnre cffi'-ii'sn washing or drying, 
however, if ih itcii i^notigh to use wash- 
bottles In tlilh manner, 'fhe gas should be passed through 
large U-tubes ('Fig. e.p which are filled vvith c]ii|,).s of ]nimi('C 
or gh'iss beads, drenehed with water for washing, or with 
suljjhuric rteid for dr) ing. Calcium chloride may he used 
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fill' dryii’i^Lf most gases. For ammonia, caustic ])utasli or 
(.[uii k-lijne in small pioccs is used, ami tlicso juay be jjlacetl 
iri the. eprouvette (Fig. 25), resliiya on the perforated load 




plaie. For tiie most complete drying phospliorus pentoxide 
is used, and should be dusted over the glas.s beads in tlic 
U”tube, so that the passage doe-s not become stopped by the 
pasty meta])liosphoi'ic acid. 



■ ■ , SECTION 1. 

'■^PREPARATIONS. .A'c':; 

, INSTRUCTIONS TO STUDENTS. 

(rtHiuiiencing ti iireparation make certain that you 
inhU'r.struid tlie reactions involved. Read carefully through the 
whole of the instructions, and if anything jis not clear, have it 
expltiined before proceeding. The quantities pf materials to Ire 
used are in most cases given. Compare them with the formula 
weights, and if the proportions do not agree, that is, if an 
e.Kcess of one or other material i.s employed, line! out why this 
is .so. 

In (;a.ses where an apparatus lias to be de\’i.secl, or put 
together from a description in the text, make a drawing of the 
ri]3paratus you propose to use, and submit it for approval. 
Wlien the ajiparatus has Ireen fitted iqi, do not commence the 
exjjerinioni until it has been examined and ajiproved liy the 
icaclier. In all cases follow cai'efuliy the inslruction.s given. 

Enter all work in the note-book at the lime of ohservtition, 
iciivirig riothing to be \'.Titten up afterwards from memory. If 
your olrservations do not agree with the text, mtikc a note of 
the fact. Weigh tdl finished product.s, and note the amount in 
your book. Calculate wlienn-cr possible the tlieon.-lical yield of 
product from tlie quantity of the original sulisttmce u.sed, and 
dedti(i‘ the ]H'rci‘ntag(' of lie' theonuical yield olitained in your 
c\periuienl. Make a noti', so far as you ran, of reasons for the 
deficiency. 

Ihd'ore ihniwiiig :iw;iy any liquors or residues, consider care- 
fully wliether you can make any further use of tlicm. 
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A. INORGANIC COMrOUNDS. 

THE ALUMS. 

23 . The ;ilii)ns have llic general formula 
R,_,SO.j. MTSO.,).,. 2411,-0, 

\\h(‘re R is a monovalent elenieni or group and M tnay ije 
cither aluminium, iron, ( hvondium, manganese, etc. T’hc alums 
are all isomorjihous. 



Crystallisation of Potash Alum. 

Al,(SO.).v 24H./). 

Weigh out 200 grams of’ potash alum, dissoUe in water, tiltcr 
if necessary atul allow to cool. If crystals separate on cooling, 
add water to dissolve them. Allow the solution to stand in a 
large crystallising dish (Fig. g), covering the dish with u sheet 
of paper to protect the solution from dust. From the crystals 
first formed pick out those free from adlicring crj’stals. Transfer 
the dear solution to a similar dish, place the selected crystals 
in it and allow them to grow. Each day if necessary remove 
the selected crystals and place in the clear solution as before, 
after rcdis.solving any smaller crystals which may have separated. 
The crystals will be octahedral in shape, but unless turned 
(jiar. 13 ) on difterenl faces, to allow each face tlie same oppor- 
tunity to grow, irregular octahedra will be obtained. 

The 200 grams of alum may be rejilaced ])y molecular pro- 
portions of potassium sulphate, K-.SOj, and aluminium sulphate, 
ALhSeVy. iHH/). 

9*5 grams of potash alum dissolve in 100 grams of u-ater 
at lo"' C. 

Alum is chiefly used as an aluminium mordant in (hx-ing. 

Crystallisation of Chrome Alum. 

K.S04 . Cr,^(SO.,),., . 24H;,0. 

The solutifm cibtained in the preparation of aldehyde ttiay be 
ts.sed (p.m 120 ;', or one prepared by pas.sing sulphur di<jxide into 
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a soliuictn of 51'; grams of potassium dichromate and 20 grams of 
suiphuric acid in one litre of water, until the reduction is coin- 
picse. 'fhe temperature should not exceed 60-70“ G. during the 
rcdiKiion and subsequent crystallisation. Otherwise the alum 
is obtaiiied in the green modification, which is more soluble, and 
mcvre ilifficult to crystallise. The crystals are , obtained as in 
tiu- j)revi‘,iUH [ireparation. They are isomorphous with tho.se of 
poiasli alum 1 compare them) and crystals of either substance, 
nhoii ])lac-ed in a solution of the otlier, will continue to grow 
(par. 12). „ , , 

K.Cr,,0H-bb-S04 + 3SO2=KVbO,,q-Cro(S0.,);H-fi20- 

The crystals of chrome alum are deej) violet in colour, and 
are efflorescent. They niell in their water of crystallisation 

at 89° C. ; , ■ . 

Chrome alum i.s used ;i.s a chrome nK)rdanl, and in cbromc 
tanning. 

Ferrous Amnionium Siiliohate, 

FeSO,i . (i\H,{)oS04 . 6 H./ 9 , 

24 . Dilute 50 c.cs. of concentrated suljffluric acid to 200c.cs., 
pouring the acid into the water in small quantities at a time. 
The mixture should be continually shaken. Divide the solution 
into two equal parts. Neutralise one part with ammonium 
hydr.ate, boiling to expel any excess of ammonia, and warm the 
other with iron filings (in the fume ciqiboard) till no more iron 
will dissolve. Filter the solutions into the, same crystallising 
dish, atld a few ccs. of dilute sulphuric acid to keep the solution 
clear and prevent the formation of basic sulphate of iron, and 
allon to crystallise. 

. ' H,.SO.,-i-2XH.,OII-(NH4}oSO.j-|-2MaO. 

I-DSO, + Fe-FeS(,Vl-H,,. 

'I’bc sub.stance may be purified by rccrystalli.sation. 

!\Iolecular proportions of ferrous sulphate, FeSO.j . yl bO, and 
ammonium sulphate, (Nil may be used. 

I'Vrrous ammonium suljiliate cry.stalli,ses in transparent bluish- 
gro.eu monoi-linic crystals, and, being slalde in the air, is used 
for the .standardisation of solutions u.sc‘d in the volumetric 
{'.''timalion of iron. 17-5 grs. of tiie salt di.s.solve in kx) gr.s. of 
water at 1 2“ C. 
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Iron Alum. 

K.jSs.'),, . . j4Hor). 

25 . I i nu- vm tii.-rular jM'ojsorlirin of potassium sul] thaU- 

jj aiid l\u) <tf ferrous sulphate, dissolve in water, filter into the 

same ctapor.itmp dish, add 6 c.cs. of strong sulphuric acid and 
4 of strong nitric: a,rid. Boil until the solution which is at 
first huntn (see explanation of brown ring test) becomes jiale 
ytiiow, Jf\a]»ora!e to saturation ])oint and crystallise at a low 

6Im‘ H t >4 f 3 H N 0 ;i + 3 1 - LS 0 ,j ^ 3 Fe.f S t Ij). + 4 H > + 2 N O. 

Inm alum erystah are isoinorphous with those of the other 
alums, 'riu-y are of a pah- violet enlour, anti when exuo.sed to 
thy air efilorestv and !orm a liasic salt of inon. 'I'lie sulrslanctt 
I is chietly used as an iron mordant. 

I Nickel Potassium Sitipliate. 

NiS( >4 . KuSfA . AHoO ; 

and Copper Ammonium Sulphate. 

Cu.SO.i . f N H ,).SO,t . Al-ip. 

; 26 . Prepiare these salts from molecular proportions of the 

: sulphates and (:o!Ti].)are the crystals with e;ich other and wit It 

i' those fjf ferrous ammonium sulphate. 

'S Potassium Nitrate, 

j KNO3. 

• 27 . Weigh out nnalecular jiroj)ortions of potassium ddoride, 

j KCI, and sodium nitrate, NaNO^, dissolve the mixturcen boiling 

I water, evaporate till crystals of sodium chloride begin to settle 

I out, filter hot and allow to cool. Crystals of potassium nitrate 

i form a-ntl may be purified by recrystallisation. The mother 

■f liqiKjr sliould be evaj^orated for a set'ond crop of polas.siuni 

I nitrate crystals. 

I Ka + NaNO;i“ KN();j+NaCl 

As (. hili saUpetrt' contains <’hlui*ides, bromides, iodides and 
f: sulphates of sodium and magnesium uilh tivires of iron sails, it 

; should first be purified, or a pure sodium nitrate used. 
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The -Student ; 

diould note the follt 

)wing 

solubilites 





At 15° C 



At 100” C. 


KXOa 


26-2 


■ ■- 

247 


KCl 

- 

33'4 

- 

- 

59 


NaCl 

- 

3 S '9 

■- 

. ■ . - 

39 


NaXfT 

- 

00 

■ - 

- 

iKo 


Potassium nitrate 

crystallises in Ion 

g rhombic 

: prisms. 

It 

largely usee 

1 in 

pyrotechnics, 

in m 

aking gun 

])f)wdcr 

and 


oilier e.\[ili)sives, and in the lalioratory at- an oxidising ayent. 


Purification of Common Salt. 

28 . -Make 500 c.cs. of a saturated solution of common salt in 
water. Place the clear solution in a wide heaker and pass in 
hydrochloric acid i^as. Owing to the great solubility of the gas 
in water, the liquid must be prevented from rushing- back into 
the generator. 

Thi.s may be effected by delivering the gas from the mouth ot 
an inverted funnel dipping just below the surface of the liquid. 
Sodium chloride is precipitated owing to its slight solubility in a 
.strong solution of hydrochloric acid, but magnesium chloride, 
the chief imjtiirity, is much more soluble and is not pre- 
cipitated. 

Filter by suction, wash with pure concentrated hydrochloric 
add, partially dry with filter paper, then in the air oven, and 
finally by heating in a ])oreelain dish, to remove the last traces 
of hydrochloric acid. 


Purifl-cation of Oxalic Acid, 

29 . d'he commercial oxalic acid contains oxalate.s. Place 
50 r,c;s. of hydrochloric acid in a ])orcclain di.sh, dilute with 
water, heat, and add rot.") gns. of oxalic acid in .small {lorlions, 
stirring all the time till the .solution i.s .saturated. Allow to 
.settle while kept uarm on the stcam-balli. Pour off the clear 
liquid and cool rajiidly. Kilter, wash Avith water, redis.solve, 
filler if nc’ce.ssary and allow to crystallise slowly. Drain the 
crystals at the pump and dry in a desiccator. 


i'RACTIv'AL ClIl-AfISTRV. 


i'Hl'i'AKA'llON OF Tilt GASES REQUIRED iE 

su i5si-:qu E \ r ex n -: rim ents. 

Ffir the esjieriments involving the use of a gas, a constant 
stream will be requirGd. 'fiie following methods will be found 
conveniei'it. 

Cliioriiie. 

30 , I'liG liquid chKtrine now supplied in cylinders by most 
di'ulcrs is a couvenicnl -vunrce uf llie gas when large quantities are 
rciniircd. The gas may he obtained from common salt as follows : 

In a tl.isk of ti litres capacity titled with a good cork, safety 
funnel and deli', cry tub<', place a lold mixture of i to e.es. watt'r 
and 150 c.cs. strong sulphuric aeicl. I'o this add an intimate 
mixture of 1.70 grams cijinmou .salt uith an equal weight of 
powdered manganese dioxide. ’Fiierc is no action in the cold, 
but on warming the mixture on a sand-lralh oi- in a water-bath a 
slow and continuous stream of chlorine is cvoh'od. The gas 
should be washed with water to free from hydrochloric acidy 
iUid may be dried if necessary Ijy passing through sulphuric 
acid. (See par. 22,) 

The above quantitie.s will give about 20 litres of chlorine. In 
cases where measured quantities are required, the student 
should calculate the amounts to be used, 

3 NaCl-i- Mn03-i-2l-L.SO.== XaySO. -f i\ImSOj + 2H2O -pCL. 

Clilorine may also be oljtaincd readily from a mixture of 
■stniiig hydrot hloric acid and granular manganc.se dioxide, or 
coarse!}' powdered potassium dichromatc, heated on wire gauze 
o\ei a .small ilame. B> regulating the flame the gas?, may be 
obtained at the requisite speed. 

A! nU., l-qHUl- AInCl, + 2I-I0O + CL,. 

KAu-A ).. f i.|IR'l -KC! + Cr.,(:i,i + 7H/) -!- 3(;i,. 

I’ttr anothcM' method .-,ce the juepanition uf sodium hypo- 
chlorite I'par. 38 '. 

Hydrogen. 

31 , .A Kipps genenifur is i harged with commercial granulated 
zim;, ami a mixture of ecjual tulunuxs of , ■strong hydrochloric acid 
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juTid water, or a cold mixture (d one volume of slronj^ sulphuric 
acid with two volumes of nater. 

I'he pas liberated by unlinary zinc contains small quantities 
of arsoniuretted hydrogen. 'I’his may be obviated to some 
extent by using platinised or coppered zinc, preferably that free 
from arsenic and antimony. 

The ordinary gas may be purified- by washing through 
]>otassium permanga.natc to remove arsenic and antimony (but 
this introduces slight traces of oxygen), then through caustic 
soda or potash to rcmo\-e acids, and finally dried by passing 
thiv.'Ugh a sulphuric aciil or calcium chloride tube. 

Hydrochloric Acid. 

32. .A Kipiths generator niih lump.s of rock salt or fused 
common salt and concentrated sulphuric acid is convenient, and 
:,u])plie.s tlio gas practically ],iure and dry. 

'Hie gas may also be tibtained from common salt, using an 
a,p))aratus similar to that descril.ied for the pre’paralion of 
rlilorine. 'Phe salt is covered witlt a cold mixture of suliilitirie 
acid and water in the proportion used for chlorine. No gas is 
evoh ed in the cold, Lnil on warming gently a continuous stream 
of the gas is jiroduced. 'I’his may Ijc dried in a sulphuric acid 
tube, or with calcium chloride. 

Ammonia. 

33. The g.'is may lie obtained jture by heating a mixture of 
pure ammonium cliloride and lime. For most purposes it may 
he obtained sufficiently pure by warming the strong aqueous 
solution in a small flask, and drj’ing in a lime tower (Fig. 25 ). 
If much gas is to bo ]>rc]tared a preliminary partial drying may 
l>e effecacd by ]iassing the gas through a small quantity of the 
strong aqueous solution contained in a tvash-bottle cooled by 
ice and .salt. 

Carbon Dioxide. 

34. Cliips of marble, and hydrochloric acid diluted willi 
an equal volume of water, form the most convenient source of 
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the A Kipp’s apparatus is usually kept charged and ready 
for use. 'I'hc; j*as should be washed in water to free from hydro 
cliiorie acid, and may be dried by ])assing litre lug'h sul])huric 
acid.'.. 

Small tjuanlilies of the gas may also be made by hea.ting' 
sodium Ldcarbonate or magnesium carbonate. 

Carbon Monoxide. 

35 . Whom formic arid or oxalic acid is heated witli strong 
suljtliuric. acid, carbon monoxide is evolved, in the latter case 
mixed with an cqinil vttlumc of carlton dioxide. 

H.COOH^H.O pCO. 

( C< -tO 1 -! );, = 1 1 .( > + CO + COo. 


t. In a small distilling flask heat some concentrated sulphuric 
a«;ld, and allow formic acid to drop slowly in from :i tap- 
liinnel. 

Frftm oxalit; acid the gas may be obtained by heating 
50 grams cry.stallised oxalic acid with enough strong sul- 
ythuric acid to cover it. The carbon dioxide i.s remox-ed by 
passing the evolved gases througli a strong solution of caustic 
potash. ‘ ‘ ' 

3, Potassium ferfocyanide also gives carbon monQ.\ide when 
heated with strong sulphuric acid. 

KjFeC,jN8 + 6ILvS04 4*6H30 

= 2K:.3SO.i + 3(N H 4)3804 -P FeS O4 + 6CO. 
Cover the powdered' ferrocyanide in a small flask with strong 
suljilmric acid, and heat over wire gauze. The action is easily 
regulated, and the sujtply of gas may be stO] 3 ped by cdoling the 


flask. 


The gas should be washed in a strong solution of caustic sod.a 
or {KHash, and may be dried with sulphuric acid or calcium 
chktride. 






Sulpliur Dioxide. 

38 . The liquid sulphur dioxide supplied in syphons is very pure. 
If this is not available the gas may be conveniently prepared 
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])y druppiny com'cntnuc.tl suljiluiric acid from a tap-funnel on 
to a quantity (jf s.tdid sodium Inaulpliilc or of tlie conunercial 
bisuipJjite solution, roruained in a Ijottle or fla.sk. Sulphur 
dioxide pas i.s immediately liberated, and may !)c dried, if 
ne('i'.shary, by niean.s of .siilpliurie arid. 


Srilpiiiiretted Hydrogen. 

37. Ferrous suiphidn is readily decomposed by dilute hydro- 
chloric or sulfdiuric acid, lilun-atiuLf sulphuretted hydropen. Tlie 
pas may lie peucrated in a iCipp’.s apparatus. Hydroehbjrie 
acid n qual eolunies of acid and water) is prcferalde to sulphuric 
a.t.id, as ferrous rhioride is nic.re soluble than the sulphate, and 
there i.-. therefore less risk of the salt crystallisinp' and lilockinp 
the .'ijiparafus. The pas .should be. washed with water to re- 
ttio'.e hydroehloric acid. 

Siru'e siilpliide of iroti often contains particles of free iron, the, 
pas obiaiiK-d in tliis way contain.^ a little hydrogen. For ordi- 
nary purposes, liowm cr, this is ntJt objectionable. 

Many fonn:^ of ;j])iitiraius are emjdoyed for the jtrepa ration of 
sulplmretted hydrogen. .Any apparatus used for hydropen or 
carbotiic ae.id pots, sucb as WnitllFs bottle w'ith t]n.stle funnel 
and flelivery tube, tvil] al.so .serve for the preparation of sul- 
phuretted hydropen. Wltcn a large quantity of the gas i.s 
required, this may be made by using two large bottles connected- 
with ea!:h other by inc-ans of cfioutchouc tubing passing lieiween 
tubulures at the bottom, one bottle containing sulphide and the 
other the acid. The acid l.ujttle is raised or lowered when 
nece.ssar),. 

in moi.t forms of goner, aior tlie acid is largely wasted, partly 
bccau.so of the imperfect armngement for mixing the acid, as in 
the Kipjfs gem'i-ator, and abso because the acid when nearly 
neutralise<l e('a-,es to act .sufficiently rapidly on tlie .sulphide. 
It therefore )i;us to bt; I'cnewcd before it is e.xh;,ui.sted, 'i’o 
<')])viale this, the nn-thod ina.y !>e used of drop]>ing the arid 
.slowly on to tlic .sulphide ciontained in a tall ulass tenver. 
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PRKrAKA'rinX <JF VARIOUS unAiroUNDS P.V 1'IIE 
DiRECT ACTIUN UF UilLORTNE. 

Sodhim Hypochlorite A 

NaOCl. 

S8. ^Vhf>n f.'hloriiie yas is ]3nssed into a cold solution of 
cau'4ic pnta.“.h or soda, u niixUuT of chloride and hypochlorite 
IS ohiained. 

.:\a(Hl fCl.^-NaCl !-Xa< )C1 f II/). 

The rcju'lioii is quantitali\e, and can be employed to prepare 
holuliuns routaiiiiny (lefiiiite amounts of the hypochlorite. 

chlorine may lie pn'pared by the action of potassium ]!er- 
manyanate on Iiydrocliloric acid. 

W'eiyh out 25 yrams potassium pcrmanyanale and place in a 
lialf litre d.i.-.tilliny llask titled with a taj) funnel. Ari'nnye to 
pass tin; chloihie yas tinst through a wash bottle witli water to 
free fmtu hydrochloric acid, ainl then into a solution of 50 gfs. 
raristie .soda in 400 r.cs. water, contained in a bottle surrounded 
by ice so that lire temperature may be kept below 5'’ C. To the 
permanganate add slowly 150- 170 c.cs. strong hydrochloric acid 
l'>y means of tlie tap funnel. The reaction is at first instan- 
taneous, chlorine being evoh'ed, ]5ut towards the end the liquid 
should be heated until all the permanganate is reduced and no 
more chlorine is obtained. 

KAl n/\+ I bH Cl =- cKCl T aMnCbT SH .0 -t- 5CI.,. 

The cldorine is coinjiletely ab.sorbed by the soda. Now make 
the solution of In poclilorite up to 500 c.cs.; calculate the quantity 
of hypochlorite contained therein, and estimate the amount by 
ll)e nunhocl given in par. 275 . If die, experiment has fbcon well 
conducted, jiractically the theoretical amount will be found. 

Potassitmi Chlorate. 

I K('10,. 

39 . tdilonne gas ads differently on hot solutions of cau.stic 
alkalici, producing a mixture of rhlnrnte and chloride. 

61x011 p iCl., --5KCl + KC 10 ;,-f 3H,tJ. 

)Grad«, Jii'rkhic 35, 2753 
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33 ; 

i);ssol\'n 51) ;;v;i!ns f.iuHiic poiash in 250 c.cs, walor in a half- 
iilrc hr.ikt-r, and in-, it tm a sand-bath to 65°-75" C. throughout 
die t‘N])( riaicut. i’ass in ddorine gas prepared by one of the 
ruti]i'«ds gisf-'U. u-ung a little more than the quantities of 
material v\l)ie]i will .supply the necessary chlorine. The gas 
sliwuld 1 h' wa.dieci in water to reino\-e hydrochloric acid, and is 
iairodufed into the alkali by means of an inverted funnel just 
toui hing the lurfuce of the st)!iiiiun. When the reaction is over, 
fiii r the solution if necessary, ami evaporate slowly to about 
ido-i“u c.rs. On cooling, ])olassium cliloratc will crystallise, but 
li'.e . Idoride v. ill remnin in solution. Kilter ;it the pump, wash 
die < rystals tuice uilli small c[uantitics of cold water, and set 
aside to dry. Concentrate tlie Jiltrale further, and examine 
each crijp of crystals for chlorate and chloride. Yield of 
chlorate, 10-15 

Potassium chlorate crystallises from water in colourless trans- 
]iarent monoclinic t;ible.s. These melt at 334” C., and begin to 
decompose at 353', evolving oxygen. The salt is largely used 
ff)r the preparation of oxygen, and generally as an oxidising 
agent. 

Potassium Chloride. 

KCl. 

40 . The later crystalline separations obtained in the above 
experiment, consisting of chloride and chlorate, may be re- 
crystallised together, and pure chloride obtained. This 
crystallises in cubes, like sodium chloride. It is largely used 
for the manufacture of other potassium salts. 

* Potassium Perchlorate. 

KClOj. 

41 . [dace 25 grams of pure potassium chlorate in a porcelain 
dish, and heat rarefully on a. .sand-bath, stirring con.stantly until 
the melted chlorate just begins to solidify. When a small 
sample of the Mubstance, wanned with hydrochloric acid, gives 
off little or no chlorine, the reaction is eompletc. 


4KC10;,-3KaO4-KKCl. 
3KCI O3 kci O4 + KCl + On. 
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Allfw i(j ro(tj; i^rind ibc* nta.ss in u niortiu" with u little utiter to 
n.'!n(n'(' ni'jst of tJie clilovido, j'jonr olt this li(}U!d nnd wauii the 
re-idiie with a little hydruchlorie acid to derompo.se an}- un- 
(■]};inL;ed chloiate. Filter ai the pnm]>, wash with a liulc- rold 
naur, :.;id r.rysta.llise the residue, of perchlorate from hot 
water. The salt separates: in small rhombic crystals, \ield, 
10-1 2 yrs. 

Vifaii'tl the perchlorate decomposes into oxyp'ori and 
potassium rhloride. 

■ Anliydrous Ferric Oliloride. 

I'eCl;,j 

42. A piece of combustion tube about lo inches lonp is 
iitU’d at each end with a cork , carrying a tube, so that dry 
flslorine giis may he, pasaed through,, the excess, being absorbed 
in caustic soda. A porcelain boat is, filled with iron liling.s , free 
from grease {by washing with benzene, if necessary), and inserted 
in the combustion tube hear to the end at which the chlorine 
enters. The iron is lieaietl to dull redness in the stream of dry 
gas, and anhydrous ferric chloride sublimes on to the cool part 
of the tube and is there deposited in dark brown hexagonal 
plates, which have a metallic lustre and appear red by trans- 
mitted light. The crystals are deliquescent and easily soluble in 
water, alcohol and ether. They should be transferred to a tube 
and .sealed up. 

Aluminium Ohlorided 

AlCl... 

43, .Arrange an apparatus similar to that used ‘’’for ferric 
chloridf*, but use a longer combustion tube, and heal in a 
small furnace IKig. adj. The tube i.s charg'ed with clip;>ings 
ot aluminium foil, and the chloride, uhich is very hygrosfO]jic, 
slumld he sublimed directly into a dry bottle, into whicli the 
end of the combustion iitbe is inserted through a gas-tight 
cork, and from uhieh llie excess of chlorine is condurted lo an 
ahsoiber. 

’ Gatterniansu Pfru-iiCiil ,\kfhOiis of Organic Chtmhtiy. 
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I in c iilurinniuni chloride forms colourless crystals. 

Hif M nninci CKsi i;, oiU’n yellow, oiviri!;'' to adniixlurc of 

ierru' cliloritie. 'rho cliloridc absorbs vrater vaijour, and is 


Fig., a6. 

s.oluble in alcoliol and ether. Jt itiay also be olivaincd by 
strongly heating a mixture of alumina and carbon in chlorine 

gas, as described below for chromium chloride. 

Chromic Cliiorid©. 

CrCl;j. 

44, U.se the same apparatus as for aluminium chloride, but 

Without the bottle as receiver, Grind up 5-10 grams of chromium 
sesquioxide and an equal weight of starch into a thick paste with 
a little cold water. Mould this into balls of the .size of peas, dry 
these cartdully and heat on an iron tray until starch is com- 
pletely charred. Transfer to the combustion tube, and heat to 
redne.'^s in the stream of dry chlorine. Chromic chloride is 
obtained jn bcaulilul violet scales, almo.st insoluble in cold 
water. ' ■ ■■ ■ 

Stannic Chloride. 

,SnC!,. 

45, In a \^■ide glass fulje about a foot long and closed at one 
tmd, tit an upriglji condenser and a delivery tube, hill the wide 
tube with granulated tm, and pass in dry chlorine gas. The 
delitesy tube should re;t( h at lirsl to the bottom, and should be 
withdrawn as the liquid tin chloride forms, so that the end just 
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fiiji'- inln the liquid ^\’h(:!l nf.irly all the tin is convened into 
I iiloride, ]>oiir the liquid iiUft a dry distillin”' flask and aflled 
the portiotr boiling' at 1 18-122’’ C. 

Tin It-tracltioridc is a ('olourh'ss, mobile liquid, fuming in tiir. 
Sj). gr. a.t is’. ]'>. I’L. 120’ C. It ha-ms several hydrates 
\^ith 'ivater, of which the (Tvstalline pentahydrate, SnCli. 
is . used as a mordant, in dveing. 


Phosphorus Trichloride. 

PCI,. 


46 . Place UJ grams amorphous pho.sphorus in ti. small retort, 
liii-ert the slt-m through a good eork luin a distilling flask as 
receiu-r, and on the .-^ide tube of this, place a small calrium 
chimide tube. From this leatl a lube to an absorber for the 
excess ol chlorine. 

Pass dry chlorine ga.s o\er tlie phos]flionis, and heat this 
gently on n sand-bath. If any solid peniachloride is formed, 
jr. raise the delivery tube further from the pho.s- 

j \ phoru.s. The receiver should be kept cool 

I ' \ yc in a vessel of water. Redistil the trichloride, 

(M keeping out moisture in a similar manner. 

Phosphorus trichloride forms a colour- 
jl less, fuming liquid ; spec. grav. 1-6 13 at 0° C. 

' ^ // «5“ 'fgc vapour is very irritating 

r - ■I -I and poisonous. 


Phosphorus Pentachloride. 

PCI,, 


1 47 . Fit uj) an apparatics like that shown 
in Fig. 27. Through the up])cr delivery 
tube dry chlorine is admitted, the excess 
leaving by the lower tube, which i,s pro- 
tected from moisture by a calcium cliloride 

: — lube. Phosphorus trichloride is introduced, 

log- «"■ cubic c<Mitimetres at a time, from tire 

tap-funnel, and when tlic pentachloride formed appear.s quite dry, 

' ^ Gaitcrniaim, PmcHcal Mt'thods of Organic Chemistry. 
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tlic vo/iiciion is 'Thus v^ny desired tjuantily nM\y be 

jimijiaivd ; tlic chloritn' daliveiy lube is raised to keep clear of 
the jK-uta'.bloi ide, and if lua'-cssary it may be cleared by means 
of tlie jdass rod jiro\-id(.'d. Preserve in the same bottle, well 
stoppered. Yield, quantitative. 

Snlrjlitxr Monochloride, 

. S,,Ck. : 

48 . The ap{>;u'atns iiseil for ])repariiig phosphorus triehloride 
may al'-^o be used for this substance. In the retort place ao 
i.rauis dry sulj/liiir, learl in <iry cJdorine and heat tiie sulphur 
jtcnfly. It melts and the nionocliioride distils as a liplit brown 
oily lisjuid. 'Hie receiver must be well cooled. The chloride 
ntay be jiuriiif'd by nrdistiliiii,^, excluding moisture. 

Siiipiiur inonochloride forms a (dear, amber-coloured li(|uid, 
of ;-']H.'(:itic gravity \ -y ami boiling at 138' C. 

Suiphtiryl Chloride. 

SfhCL. 

49 . i n a two-necked bottle ’place 20 grams of camphor, staml 
the bottle in cold water, and lead in dry sulphur dioxide gas 
so long as it is abscirbed. The camphor liqueties. Now pass 
in rhy chlorine until it is no longer absorbed, then sulphur 
dioxide, and soon until the volume of liquid no longer increases. 
Ti'ansfer to a dry distilling flask, and collect the fraction below 
loo"’. Purify by redistillation. The higher boiling portion may 
be used again to prepiire mt)rc, 

Sul])]iuryl chloride is a colourless liquid, boiling at 70” C. it 
fumes strongly in air, and is decomposed by water into sulphuric 
and hydroclrloric a,cids. 

SO,C], + 2 1 1,0 = I I,S04+ 2 IICI. 

PREPARATION OF CIIT.ORIDES BY MEANS OF 
■flYDROf.T-lLORIC ACID, 

50 . r.hlorides nitiy be prepared by one or more of the 
following methods. 
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ui} Dirc'Ct union of chlorine with the element. 

Astiou of hydrochloric acid on tlic metal, 
c; .\ction of liydrochluric iicid on the oxide, hydroxide or 
rbonute of 'the metal. . 

Exatnples of the fmst method h:n c already been given. 'I'he 
H'l" mcilhod.x are .'ipjtlicahle to tlic salts of any mcial and may 
u^'Od with otlier acid.s titan hydrochloric. 

Anhydrous Ferrous Chloride, 

FeCL. 

51 , In a hull) lube of cornltu.stion glass or a jtiece <jf cotn- 
ini^tion tuiiirig lo-u" long place a ft-\v grams of cletin iros'i 
fiiingn. Pa-is dry ltydrochh>ric ac.id tlirough the tube, and when 
,'tir i". expelled, heat the iron filings, Tlie vapour of feiTfUis 
chloride contlenses on the cooler ]>arl.s of the tube in colourles.s, 
si.s-sidcrl, shinitig srale.s, and by suitable heating may be ol.itained 
free fr(.tni the iron and scraped from the tube. I'lie product 
;di()u]d Ite iinmcdiatcly placed in a dry test tube which should 
then Ije sealed by softening and drawing out, 

' . Fe+2HCl-FeCl., + Ha. 

Stannous Chloride. 

' ■ ' (Tin Salt) 

.SnCla . 2i-LO. 

52 . Dissolve 25 grams of granulated tin in 50 c.cs. strong' 
hytlroc'hloric acid, diluted with 25 c.c.s. of water, in a i litre flask, 
allow tlie .-jftlution to settle, and decant from any residue into 
an ICrlenincyer flask. Close t]n.s with a cork, and set aside to 
crystallise. Die lixdrated salt crystallises in transprarent mono- 
clinic ])risms, which melt in their water of crystallisation at 
40 C., and lose all llic water in a vacuum over suli>huric acid. 
\’i<‘ld, 35-40 grs. 

Stannous chloride is a powerful reducing agent, combining 
with (‘ithi'r chlorine or o.xygen. When the, sf)lutiun is exposccl 
to air, or diluted with much water, a basic chloi'idc of the 
coinpo.sition 2Sn(OH)Cl, IlgO i's deposited. 
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' 4 ' 

Zinc Chloride. 

’1^".; 

ZnCL. 

‘1 

53 . "riii.T I'iKiy bo obtained lay noutralising hydroolilorir add 
with zinc, or its (odiie or carbonate. 'I'he solution so obtained 

i , 

is eotiporatod nnlil the temporalure reaches 240" C, Cave nnisl 


be taken thttl none ot (lie sid.’.stancc comes in contact with the 

; t.l 

iiands. Allow tu <m)o 1 , break into lumps and bottle immediately, 
inakin!.;,' the stopper air-tiidtt vdth p.araliin. 

1 

. A 

* 1 

Ziiu; ( hloride forms a white, deliquescent mass. It is used in 

ijie iaboratoiy ;is a dehydrating agent, in surgery as caustic, 

7 ^ 

and in the texi'le trade for \^ciphting cotton goods. It is also 
used ;i;s ;ni ;mtisi!])!ic, as ;> preservative for timber, ;md in wool 

1; 

dyeing. 

* A: '-"- ^ 

Cupric Chloride. 


CuCb. 2 H.p. 

.t 

54 . Use -pure t:oy'.],)ev oxide, prepared by dissolving copper in 
nitric acid, crystrdlising and heating the nitrate until deconi- 
|.iosition to oxide is complete. Warm the oxide with diUitc 


hydrochloric acid, using the o.xide in slight excess. Filter and 


.allow to crystallise. Rhomliic prisms or needles of the above 

, 

coni position separate on .standing. These are dcliqiiescx;nt, 
and arc soluble in alcohol. 

1 

Cuprous Chloride. 

J ■ 

CuCl. 


55 . \ir') A small quantity may be prepared as follow.s ; In a 
test tnbe»])Iacc a few copper turnings, cover with strong hydro- 
chloric acid, add one or two di ops of strong nitric acid and boil 
for live minutes. Pour the liipiid into water. The cuprous 

1 ■ 

chloride is precipitated as a white powder. 

(/j) Cop)per oxide m.ay Ije substituted for nitric acid. 

Place in a '-litre flask 20 gr.s. of copper and 26 grams of 
copper oxide and add 90 r.cs. of strong hydrochloric acid. Con- 

U 

1 

noct uith an ufn-ight condenser and boil for two hours. Pour all 
the contents into water, filter quickly, using .suction, and tvash the 

- |l ' 

precijiitate with sulphurous acid, followed by glacial acetic acid. 

' ^ m 


* 

' -*■■■■ 

1" - ” 
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Moat the product in a porcelain clisli on tlic water-bath till no 
smell of noetic acid can be detected. Kee)i in a sto]>pei'ed bottle. 

Cu -1- CuO -f ail Cl — 2CuCl + HflO. 

(c) Heat a solution of 50 f^rs. copper .stili)hate and 24 grs. of 
connitua salt to 60-70“ C, Pass sulphur dioxide thnnigh ihe 
solution till no further precipitate (jf cuprous chloride is 
obtained. Piliev, wash .and <lry as before. 

2Ch.i.S ( ) j -{- 6N aCI -f 2 H -O -I- S t ).j ■- 2 CuCl + 3 N a.,S C).i + 4 1 U H. 
Cuprous chloride is insoluble in water, but soluble in hydriw 
chloric acid and ammonia, d'hese solutions are used for the 
absorption of carbon monoxide. Acetylene is also absorbed i)y 
the ammoniacal solution. 


Calcium Chloride. 

CaClo. 

56. Use the .solution of calcium chloride from the carbon 
dioxide generator. Neutralise the liquid by iioiling with a 
small amount of milk of lime. This will precipitate any iron 
present. Allow to settle, pour off the clear liquid as far as pos- 
sible, .and filler the remainder. Evaporate until a portion taken 
on a glass rod rapidly S(didifies. To make the product porous, 
add a few c.cs. of strong hydrochloric acid. Dry by he.ating in 
an iron pan, but do not allow the substance to fuse. 

Calcium chloride is extremely hygrejscopic, and is largely 
used as a desiccating .agent. It combines with .ammonia, form- 
ing the compound CaCla-SNHg, and cannot therefore be used 
for drying ammonia. 

Crystallised calcium chloride, CaCk. OH./), may be, obtained 
by s/m'/j evaporating a concentrated solution obt.ained as 
above. 

Barium Chloride. 

IkaClg. 21120. 

57. (u) From Witherite. Place too grams powdered 
witherite in a large porcelain dish and mix to a paste with 
100 c.cs, water. Add slowly, with constant stirring, a mixture of 
75 C.CS. strong hydrochloric acid and too c.cs. water. Heat finally 
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on the stcam-b;ith and stir well till all effervescence ceases. 
Now add a slight excess ot finely powdered witherile and evapo- 
rate to dryness. Thi.s preeijntates iron, calcium, etc., which 
commonly occur as impurili(;s in the witherite. Extract the 
residue with half a litre of boiling water, filter, acidify the tiltrato 
witli hydrochloric acid, evaporate to half its bulk and allow to 
crystallise. Goucentrale the mother liquor until no incire 
cry.stals ran be obtained and then recryslallisc the whole from 
distilled water. Yield, about too grams. 

biaCt ),, -hell Cl EaCL -h HgU + CO.,. 

'/'! From Heavy Spar, Jtlix 50 grams finely powdered 
barjles (or pieciiritated barium sulphate) with 10 grams 
powdered charc<ial and heat to bright redness in a covered clay 
crucible in the muffle furnace for 1-2 hours. When cold, extract 
tlx: jnass witli boiling' water, tiller ;ind add hydrochloric acid to 
the iiltrate till th.e barium sulphide is all decomposed. Crystallise 
and purity tlm barium chloride as above. Yield, about 35 grams. 

BaS( ), -hqC BaS + 4CO. 

Bh.S + 21 -R:1 - ifaCL-f H,S. 


COiM POUNDS OF BROMINE AND IODINE. 

Hydrobromic Acid. 

HBr. 

68. (ii) In a flask fitted with tap funnel and delivery lube 
place 5 grs. amorphous phosphorus and 15-20 c.cs. tvatcr. Allow 
10 c.cs. (30 gr.s.) of bromine to drop slowly from the funnel. 
LI ydrohromic acid is produced ; 

SBr + P -1- 4H,0 - 1 13PO4 + 5H Br. 

To free the gas from bromine, conduct it through a U-tuhe 
containing moist asbesto.s dusted with red phosphorus, and then 
ab.sorb the gas in too c.cs. of water by means of an inverted 
fimne! or retort, or a large pijiette, just dipping into the liquid. 
Distil the acid and collect the constant boiling liquid (123- 129"). 

(fij Pass .sulphuretted hj'drogen through a mixture of bromine 
and water until the bromine is dccolouri.sed. Remove the 
excess of hydrogen .sulphide with a current of air, filter from 
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suljilKir and distil as above. Some sulphuric acid is also 
]:irrjduce«:l. 

HoS + lM-a^^HBr+S. 
n .,S + 4 Ib-2 + 4 Hod = 8 n Br 4 - II, S O. . 
fr'i C.'irry out a similar experiment with sulphur dioxide pas. 
Leave a little free bromine, or add more bromine water until a 
.slight ye llow (-olonr is obtained : remove the excess of hrmnine 
with air, and distil. 

SOy+ Bra+2llA.)-2H Brd-HoSOi. 

Potassium Bromide. 

KBr. 

59 . i/f) Blacc 20 prs. fine iron tilings and 200 c.cs. water in a 
dask, and add slowly 30 grs. no c.cs.) bromine, shaking well 
after each atldition. Bromides of iron are jiroduccd. To tlie 
li(|nid add now a solution of 25 gr.s. potassium carbonate so long 
as a precipitate is formed. Heat nearly to boiling, filter from 
tin.' excess of iron and precijiitated carbonate of iron, and 
evaporate the liquid. Potassium bromide crystallises in cubes 
with a saline taste. I't is easily soluble in water, and is used in 
medicine as a sedative. Yield, about 35 grams. 

(//i By tire action of bromine on caustic potash, mixtures of 
bromide, hypobromite and bromate are obtained, according to 
temperature and concentration of the liquid (compare chlorine). 
If the liquid be evaporated lo dryness and the residue gently 
ignited, pure jiotassiurn bromide is obtained. This may be 
rediftsolved and crystallised. 

(c) Potassium or sodium bromide ma)' also bo obtained by' 
neutralising waste hy'drobromic .acid solution (ob^uned in 
lirnminating benzene, etc.) with potassium or sodium carbonate, 
after removing free bromine with a stream of air. The dry 
residue left ott evaporation may be used for the preparation of 
I'thyl bromide, etc. 

Potassium Bromate. 

KBrO.,. 


60 . To a solution of 40 gr.s, caustic potash in 200 c.cs. of water, 
kept at a temperature of 70-So" in a water-bath, add carefully' 


I 

I. 
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flroj) by drop 15 c.cs. (45 prs.) of bromine. Transfer the liquid 
to a crystallising dish and set aside to cool. Potassium hromate 
.sejianites, the In'oinide remaining in solution. 

6KOH + 3ljr2== Kl>r03 + 5KBr+3H2O. 

It may be recry.stallised from hot water, and .separates in 
hexagonal cry.slal.s, spariiigly soluble in cold water. 

Potassium Iodide. 


61 . Thi.s salt may be prepared by the methods given for 
potasaiuin bromide, hut it is best prepared by the artiun of 
iodine on caustic potash and ignition of the dry residue. It 
rryslallisf's in cubes, vciy soluble in water and liaving a sharp, 
saline taste. 

Hydriodic Acid. 

■ ■ . ■ ■ HI.' ■ ■ 

62 . (if) Tliis acid may be obtained from iodine, red phosphorus 
and water, as for hydrubromic acid. Place 5 grs. red phosphorus 
and 20 grs. iodine in the flask, and add water slowly from the 
dropping funnel until the mixture is covered. Heat finally on 
the .sand-liath to complete the reaction. 

{/)) Fuss sulplnircttcd liydrogen through a mixture of 20 grams 
powdered iodine and 200 c.cs. water. After a few minute.s, when 
air is expelled from the flask, close the outlet tube, and alloAv 
the mixture to stand in contact with sulphuretted hydrogen, 
with frequent shaking, until all the iodine is dissolved. Remove 
e.xcess of §uli)huretted hydrogen with a stream of air, filter from 
sulphur, and di-stil in a current of hydrogen to pre\’ent dis- 
sociation of the hydriodic acid. The strongest acid obtained by 
distillation at ordinary pressures boils at and contains 

57*7 per cent, of the acid. Collect from r25“-i3o“C. 

(c) The acid maybe obtained by the direct union of hydrogen 
and todino. A bard glas,s bulb tube is packed witli phiiinised 
asbestos, prepared by soaking asbestos in a solution of plalinic 
chloride and igniting the dried fibre. Into one end of the tube 
i.s itrserled the side tube of a small distilling flask containing 
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iuvline, while the other end is connected witli a U-tube filled 
ttirh dry asbcbtos, from which a glass tube leads to the 
abisovptioii flask containing' water. I’ure dry hydrogen is passed 
through the apparatus ; the bulb of platinised asbestos is heated 



to dull redness, while the distilling flask is gently warmed. A 
mixture of hydrogen and iodine vapour is thus carried over the 
platinised asbestos ; hydriodio acid is produced and the unconi- 
bined iodine is deposited in the U-tube. 

lodio Acid. t 

■ ' ' ' HIO;;. 

63. Place lo grams iodine in a 350 c.c. round fla.sk, add 
100 c.cs. fuming nitric acid, and warm gently until all the iodine 
is dissolved. Add more nitric acid if required. Nitric oxide 1 
is evolved. * t 

3la+ ioIIN03=6HIO;,+ 10NO-I-2H2O. 

Evaporate to dryness and heat the residue to 200" to remove — 
all trace of nitric acid. Iodine pentoxide remains as a white 
powder, Rodis-solve tills in a small quantity of water, and allow 
to evaporate, when iodic acid will separate in colourless 
rhoml)ic crystals. It is easily soluble in water, and is reduced ; 
by sulphur dioxide, sulphuretted hydrogen, hydriodic acid, etc., 
with separation of iodine. 
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PREPARATION OF METALLIC OXIDES. 

Cuprous Oxide. 

Cui,0. 

64 . 00 A'fix togellier 20 grams cuprous chloride and 15 grams 
dry sodium carbonate, and heat gently in a covered crucil)lc, 
tj.ipmus oxide is obtained as a non-crystalline red powder. 
Cu.A.d2+ Na«CO;,j= CuoO -P aNaCl -1- CO«. 

ICxtract the residue when cold with water, to remove sodium 
i;!iluri(le and excess of sodium carbonate, filter, wash till free 
fioai clilf)ridc, and dry ihc residue of cuprous oxide. 

(fi;i Dissolve 20 grams crystallised copper sulphate and 15 
grams gra])e sugar in 200-250 c.cs. water, and add excess of 
sodium hydrate. I-Ieat gently on a stind-bath, with frequent 
shaking, until the copper is completely precipitated as cuprous 
oxide, and the liquid no longer has a blue colour. Allow the 
precipitate to settle, pour off the clear liquid, and add hot writer 
to the residue. Wash in this nay by decantation several times, 
and then filter and complete the washing on the filter till free 
from alkali. 

Cuprous oxide dissoh es in strong hydrochloric acid to form 
cuprous chloride. It is converted by nitric acid into cupric 
niti-ate, with evolution of nitrogen oxides, and by sulphuric acid 
into a mixture of cupric sulphate and metallic copper. 

Cu„ 0 -1- H2SO.1 = CuSC), -f Cu -1- HgO. 


Manganous Oxalate. 

, MnCa0.j ; 

and Manganous Oxide. 

MnO. 

65 . Dissolve separately in as little hot water as possible 20 grs. 
manganous sulphate and 12 grs. ammonium oxalate. Filter the 
two solutions if they are not quite clear, and mix together. 
i\langanous oxalate is precipitated as a pale pink, crystalline 
powder. Drain on the pump, wash with a very little cold water, 
and dry on a porous plate. Place this dry powder in a piece of 
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hard i^lass tul>e 8-12 inches lon^, pass a stream of dry carbon 
d’uxiue and lieal gently with the burner until the oxalate 
is fonepietely decomposed. IManganous oxide remains as :i 
g re\'-;;reen powder, 

MnC., 0 ,, = MnO -b CO + CO., 

^\•llidi, on e\pusurc; to air, changes to higher oxides. 'Fransfer 
it, while the earlion dioxide is still passing, to a strong lube 
dosed at one etui and then setd llie tube. 

Mercuric Oxide. 


66. Dissolve mercury in nitric .add and ewaporate to dryness. 
Mix the residue with about an (-(pial weight of mercury, and 
heat in the porceiain dish, in the fume chamber. The teiipierra- 
ture sliould not be more than sufficient to decoin])ose the 
nitrate. Ibse .a glas.s rod to stir the mixture, and break up tlic 
])ie<'c.s of mercuric nitrate. If the tem])erature is too high, much 
of tire mercury will vohililise, .and some of the mercuric oxide 
will be decomposed. Allow the residue to cool, add water and 
boil. Filter and wash with hot water to remove undecorn- 
Itosed nitrate. Dry and press through wash leather to remo\'e 
unaltered mercury. The residue is red. 

Mercuric oxide may also be prepared by adding a solution of 
sodium hydrate to a solution of a mercuric salt. The preci- 
pitate is mercuric oxide, and is yellow. It must be well washed 
with hot water to remove the caustic soda. I'he residue may 
be dried in an fiir oven. 


Nickel Sesquioxide. 

Ni.,03. 

67 , Dissolve 10 grams of pure metallic nickel in dilute nitric 
acid, make up the .solution to 250 c.cs. with distilled water, and 
iiher from any residue. Ivvaiiorate to dryness on the steam- 
bath. Nickel nitnile retnains as a green crystalline rcsidiux 
Tr.insfer to a wciglied ]iorcclain dish. [If ])urc metal i.s not 
avnikdrle, take 50 gram.s of pure nickel nitrate, free from cobalt, 
in a weighed porcelain dish,] 
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Ignite the nitrate, gently at first, to expel all water of crystal- 
lisation, in which the salt melts, and then strongly until no 
further change occurs, and the weight of the residue is constant, 
Aliundant red fumes are evolved, and the green nitrate changes 
to the dark grey oxide. 

The oxide dissolves in nitric or sulphuric acid evolving 
oxygen, and in hydrochloric acid with evolution of chlorine 
and nickelous salts are produced. It is readily reduced, by 
heating to 300-300” in hydrogen, forming metallic nickel. 

Many other oxides may be prepared by this method, as CuO, 
PbO, BaO, etc. 

Chromium Sesquioxide. 

CroO;j. 

68. Dissolve 20 grams chromium sulphate in 50 c.cs. dis- 
tilled water, or use the chrome alum obtained in the preparation 
of aldehyde (par. 120), heat and add dilute ammonia solution 
until no more precipitate is obtained. Boil for 15 minutes and 
allow the precipitate to settle. Decant the clear liquid and 
wash the precipitate by decantation with boiling water until 
free from ammonium sulphate. Filter on a fluted filter, and 
dry in the steam oven. Transfer to a crucible or dish and 
ignite to convert the hydrate to oxide, then grind to powder in a 
mortar. A dull green amorphous powder Is left, almost in- 
soluble in acids. 

Chromium Hydrate. 

, Guignet’s Green. 

Cr20(0H).i. 

69 . Mix together 30 grams finely-powdered potassium di- 
chromate and 30 grams crystallised boric acid, and enough 
water to make a thick paste. Place in fire-clay crucibles and 
licai to a. low rod heat. On cooling, extract the fused mass with 
water and boil to remove boric acid. The residue is a fine green 
powder, insoluble in water and acids, and is used as a green 
pigment. Yield, 15-18 grams. 
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Lead Peroxide. 

■ 'PbOo.. , 

70 . Dissolve 50 grams cryslallised lead acetate in 200 r.cs. 
v.’iiter in a large (lask or porcelain dish and heal on th<; steam 
lirind up too grams good bleaching powder with water, 
inaki> up to 1,5100 r.cs., shake well, and allovr to .settle, hiltei^ 
llie cleaied soliilion and add it .slowly to the hoi. solution oi 
lead acetate, with constant stirring or shaking, until a lihcred 
ic.-,! ])ortion gives no more brown jirecipitate on boiling \\itli 
more ivf (he Ideaching iiowder. Continue heating lor .some time 
until the precipitaUnl lead peroxide is dark In'own in colour. 
\\-ash by decantation with hot water until die washings arc tree 
from chloride, drain on the pump and dry in the steam oven, or 
keep the ]iero.\ide as a paste under water. Yield, 25-30 grams. 

(/>) Mi.x do r.cs. strong nitric acid with 250 c.cs. water in 
;i porcelain dish, warm gently on the steam-bath, and .slowly 
stir in 70 grams red lead made into a paste with watei. iwo- 
ihird.s of the lead dissolves as nitrate, and lead peroxide 

.'■remains, x tt 

Pb.j 0 .t + 4H N O3 = PbO. -h 2 PbuM 03)0 + 2H3O. 

Heat on the steam-bath, stirring frequently, for half an hour ; 
allow to settle, decant and wash by decantation as above till no 
lead can be detected in the washings. Yield, 20-22 grams. 

From the tillered solution lead nitrate may be crystallised on 
cooling. ' 


REDUCTION OF METALLIC OXIDES. 

Copper. 

. 71 , Fill a porcelain boat with copper oxide. Place it In a 
]iiece of combustion tube with a stopper at each end carrying a 
dtdivery tube, Ptiss through the tuloe a current of hydrogen, 
taking care to test the gas before heating the tube. 'I'he 
heated oxide is rapidly reduced. Allow to cool in the current 
of bvdrogen. 

CuO-l-Hij-CiH-HaO. 

rOattermann, Practical Methods of Organic Chemhiij. 
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(.'oil! may be Miibsiituteil for bydroj>en, and by llnding' the 
of o'ddc list. <1 and of ctipper produced, and repeating the 
(‘xpi'rimi'ia witb tujirou.s <.)xide, tlie results obtained may lie used 
to terify the l:ov of iiitiltiplc proportions. 

The law hi' K'onslant jtrojiorlions may also be t'erified l>y 
iinding file vreiglit of oxide produced when a known weight of 
redtieeij copjier is iieatcd in air, and dissolving the same weight 
of. ttpp.'r in riitric acid, evaporating to dryness, dceomjiosing the 
nitiue by heat and weighing' the residue of copper oxide. 


Lead, 


72. The lead may l.ie ol.nained as in the last methc 
liollow.s. Heat 6 or 7 grams of an oxide of lead in a 
cnicilile in a muffle furnace till reduced. 

When Cf)o1 the* Ijcad of lead may be taken out, deaii 
adiiering particle.s ol ihc crucible, and weighed. I>y re 
with other oxides of leatl, the law tjf multiple proportit 
be verified. 

Manganese. 

73. Wlien certain metallic oxides are heated with alu 
powder, the metal is produced and aluminium oxide 
The hc'at produced by the action is so great that it 
nececssary to start the action at one point in the mixt 
sufficient material be used, the product will liquefy and 
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\Vh(>!) rool break the cnicibk* to obtain llic mass of manganese, 

,Muke a similar experiment with chromium sesquioxide. ^ 

A ini.vturj- of ferric oxide and aluminium powder, which is sold 
under the name of I hermit ' is used foi the pioduction (jt 
moliet'. ircm at ;i high temperature. 

Bodimii Bicarbonate. 

■ ■•■■.NaHCO;!. A, 

f4, -50 c.cs. of -SHo ammonia with twice its volume itf 

water and place it in a litre flask. Pass in a stead)^ stream of 
carbon dioxide till absorption ceases. Keep the flask cool 
during the operation. If a ])recipitate forms, add water to 
ilihsoive it. Make a. sattiraled solution of 200 grs. of common 
salt in watt'i- ;md tidd to it the solution (»f ;immonium bicarhonale 
till no furtlier pieriimali<m is uliserved. Ki;ep the solution cool 
during the addition. Kilter, wash the precipitate with small 
jHiioimis <if cold water to remove the ammonium chloritle, and 
Ur\ in a steam oven. 

N 1I.>+ I CO.j— NM-j ,HC(..b. 

K 11 ,1.1 1'{ Vf- Na(.i- NallCCK -f K H .Cl. 

Co.mpa.re litis method with the Solway or Ammonia Soda 
process.: 

The solubility of sodium bicarbonate is g-S at 2o”C., that of the 
nu’.mal c arhonate h* ing 21-4. 

Sodium c.iibouate may be prepared from the bictirljonate by 
heating or Iry boiling the aqueous solution ; 

2 'X aH CO. - X a Ai O. T H .0 + C0». 


Sodium Carbonate, 

NaXO.;. loHoO. 

(Washing Soda.) 

75. Ibxit 500 c.cs. of water to Ijoiling in a beaker and add in 
small portions about 200 grs, r)f soda a.sh. It ihe solnliiiu is 
yellow add a small quantity of bli'acliing powder. Filter 
through a chath filler, coneenlrale and allow to cool. Press the 
crystal', between lilter paper and dry in the air till cfflorcsccmrc 
(.raumcnce,-. Store in a well -.stoppered bottle. 




SODIUM HYDRATE. 


I'o nbijiin free I'nun sulpiiates; and chloi'ides conimc-.ncc with 
rtodiinn 1 )i('.'irl)onate. Place in a funnel plugged with cotton 
uoul and waali repeatedly with small quantities of distilled 
tvaser. 'I’e'-t the filtrate for chlorides and sulphates. When 
fri-e iVoni these, place the bicarbonate in a platinum dish and 
dry in the air oven. Heat strongly till the weight is constant. 
T]>e |.iTjdnct contains small traces of silica. Dissolve it in hot 
water and crystallise. 

Si »< iiiiui ca rhonate crystallises in large monosyminetric crystals 
coijiaiijiiia !<j molecules of water of cry-stallisation. The crystals 
arc rfili >iv forming Na^COa .■ HoO. The student sliould 
notice tht; si>hibility curve for the crystals. 


Sodium Hydrate. 

NaOH. . . . 

7 G. Isi a large beai.'er jil.ico some water and boil. Add in 
i)i)rii<ins 50 grs. i*f sodium carbonate (anhydrous) or loo gts. 
wad)ing soda and when dissolved add /■“ 

;!,bout 50 grs. of slaked lime. Boil, / 

tiiter 2 or 3 drops and test with acid. / 

If no effei'vescence occuns the action r~f 

i,5 .compleie. Allow to settle, decant 

tiie clear liquid and e\'a]3or;!te. ^ ^ 

11*“ a, 

Nhi.CO.vf Ca(On)., / 

= CaCO<j + 2NaOH. r- 


Sodium Hydrate. | | 

(By Electrolysis.) j I " 

' 'r-'' 1 ' " ' ' ' " i ' 

77 . Talce a large l^e.aker and place Ij ; 

in it a large porous cell round which | I 

is placed a piece of wire gauze to | ; 

.act as a cathode. Inside tlic porous | 

I ei! ]dace :i c\ lindrical lamp diimney I ' 

tiiU-d with .1 2-liidt'd rulilier stopper. LU 

Through one hoic plm'e a carbon 

rod to a<'l anode and thnnigdi the Other an exit tube for 
the chlorine produced. Coat the rubber stopper with paraffin. 


BSgg qpW BgiWBSg* 
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i‘nnr into tlic' porous pot and beakor a, satuniied soliuittn of 
rnmnion salt in water. The ])orous ]K)1 prevents tin* chlorine 
produced <iuving electrolysis from acting on the sodium hydrate, 
i'he most suitalric current will detiencl upon the dimensions of 
the diffei ent portions of the apparatus, and the student sliouki 
! .tu’fnlK- note the nature of tlua current used. All phenomena 
■ hould be ('utered in the notes, and should include tlie sp. pr. 
of da- elertrolyHis before and after electrolysis, and of the sodium 
iivfh'.ite cil'-iained. 'I’he chlorine may he absorlied Iry slaked 
lime to firm liieaching powder. 


Sodimti Sulphite. 

NaaSO;!.7iiA>- 

78 . Dissolve 30 grams crystallised sodium carbonate in too 
< .rs. of uait-r, and divide the solution into two e<}ual parts. 
SaSur.iU' one half with sulphur dioxide, t.kirlani rlioxide is 
e'pieiled and sodium bisulphite jirodured. 

NaA :0,j + 2 SO.J + H/J - 2 N uH SU... + C (X . 

Mow add tlie fither half of the sodium carbonate solution. .More 
carbon dioxide gas is evolved, and sodium .sulphite formed. 

2NaHS03+Na2C0;(=2M’a.S0.,-h 00.,+ ILO. 

’J'he normal sulphite cr\'stalli.ses from tliis solution in trans- 
])arenl mcinoclinic prisms. The cry.stals are (iftlorescent, and 
lose the whole of the water of crystallisation at 1 50° C, The 
.solution lias an alkaline reaction. 


Sodium Hydrogen Sulphite. 

NaHSO... 

79 . Thi.s salt may be obtained fi'om the above solution 
saturated wltli sulphur dioxide in the cold. It can be crystal! i.sed 
by allowing the solution to evaporaU; slowly in the cold, and is 
precipitated from the aeptoous solution in the form of a white 
jiowder, by the addition of alctdioL It has an acid reaction, 
smelK of stilphur dioxide, and liberale.s the gas on liealirig or 
cm boiling tlie ac|ueous solution, leaving the normal sulphite. 
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Sodmm Thio.yulxDhate. 
sH.C). 

80 . Pn-pai'c MKtiiiin Miiph.iit' as above from 25 grams sutliiim 
..-ariMiiiale, or dissolve 25 grs. sodium sulphite in 100 c.cs,. uaU-r, 
and add 5 grs. dowcvs of siiipliur. Iloil gentlj' foral.i<»UL iiaifan 
hour until ilie alkalint; react ioii of the sulphite has fiisa])pvarf.(i, 
ami riitcr. Sodiu.m thiosulphate is pnjduced by the union of 
sulphur with the sulphite, 

\h.l.iS( );J S ~ IS'acjSjjO;;, 

ami crystadlisfh hom tin; lihrate in large Iranspuretil monoi liniu 
]>risnis. conlaiain;,; tin; iriolec’ules of water. 

if ;ds(t [treparcd Ijy passing sulphur dioxide into a solution 

of sodium sulphide. 

'flu' siilt is inn hanged ’oy cx]>o.sure to air, aiid the mjueons 
solution is neutral, '[’he crysttds melt in their own water at 
45 t.'., and lose a!! tlie wafer at. 215"C. On furllier heating die 
substance dccomiios-os witli liberation of sulphur. WJien the 
solution is ticidihed wifli Inxlrochloric acid, no immeditiie 
ihanpe is tipparent, but llie unstable thiosuiphuric acid is 
lihcM-jited, wliich gradually decfimpo.ses, liberating sulphur and 
sulphur dioxide. 

.lRS»0;j== HoOd” SOnd" S. 

Iodine solution is at once decolourised, and thiosulphate is 
largely u.sed for the estimation of free iodine and as an antichlor 
in the bleaching of paper pulp, crdico, etc. 

2Na.SAE-i- Ia-2NaI + NaaSA- 

Sodium tetrathionate, 

TIk' solution of thiosulpliate also dissolves silver halides, and is 
emjilo) etl a.s a fixing agent in jihotography, u.sually under the 
erroneous name of “hyposulphite.” 

iiySyffj d' Ag(..d ~ In add" AgNaSyO.j, 

Barium Bithionate. 

],5iiSX),(.2ll20. 

81 . 20 grams of fiiudj-potvdered mtmganese dio.xide are 
suspendetl in wafer and sulphur dioxide is pas.sed in, with 
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shakill!-^, until no more of the oxide will di:^s<jlve. I he 
.'oiiitiori runtaiai manganese dilliionaie and a small cnuintity of 
sulphate. 

MnO,, + 2S<'L-MnS,Ae 

Mn02 + MnS.Ai"='-2MnS0.,. 

The rnan-iiiK'se sail may be obtained in easily sululfle rlionibo- 
htcii d crvsi.ilo, wiib three molenilos of water, hi nS.tJ,;. 3I !.,( h 
U is ix'iie:- to ])rei)are the. barium s;dt, whieh ran be ol.>taiued 
rpiite hoc* from sulphate In adding a solution ot barium 
ht>iiro.vide as long ;i.s a preeipitaU* forms. 

I n Sf» j -p La ( ( ) 1 -f 1 5 a S O j -I- h h 1 ' (■) 11 . 

M nS.,0,|+ ]:<a(01d i.;-~ BaS^I ),.+ .i\In(Oi I ).j. 

Warm gently and lilter off the precipitated barium stiljihalc and 
manganese hydroxide, llarinm dithionate (an then be crystal- 
lised from the filtrate by .slow evaporation in a warm place. It 
forms coll lurles.s, transjjarent rliombie prisms. 

<>ti heating dithionates in a dry lube, or on boiling the 
a<nieous soluti(jn for some time, e.spcc-ially in jrresence of a 
little hydrofhloric .acid, they are ail dccompo.sed into sulphur 
dioxide and the sulphate. 

BaSgOo— BaSO^i + SOa. 

Note for student. Devise a scheme to distinguish 
between sulphites, bisulphites, thiosulphates, sulphates, and 
dithioinites. 

Sulphuric Acid. 

I-LSO,. 

82. The manufacture of sulirhuric acid by the chaitiber pro- 
cess may be illustrated with the aid of the following apparatus; 
A large dry lla.sk or bottle of 2-3 litres cajKicity is used as the 
reaction chamber, and into thi.s are ])us.scd from separate gene- 
rators .suljdiur dioxide, vapour of nitric acid, .air, and .steam. 
An exit tuho must also be provided for the e.xcess of gas. Fit 
up the ap]>anuus in the fume, chaiuber, and commence by intro- 
(huing gradually into tlie dry fla.sk sulphur dio.xide fnnn the 
getierator ('par. 36), in w'hirh strong sulphuric acid is drop])(>d 
into sodium bisulphite solution, and nitric acid from a small 
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iiusk l a miNfunr of' sodium nitrate and strong sulphuric 

acid. 'Ihe nitric acid i.s reduced by sulphur dioxide, forming 
r<-d fumes of nilrogiai peroxide, wliile sulphuric acid is simul- 
taneously formed. 

S 0 .,- 1 - 2 HN 0 ,,-H.,S 04 + 2N0.,. 

After a short time also a white crystalline deposit appears on 
tlie inside of the flask. This is chamber crystal, or nitro- 
sulphonic acid, and is formed by the action etf nitric acid on 
.sulphur dioxide in the absence of water. 

S(:),-!-iiNO,=o,s<g^j;jQ_ 

This deposit is at once decomposed on the admission of steam, 
fortning sulphuric and nitrous acids, 

S O., . O H . N Oa + I I .O H .^.SO^ + II N O.^., 
the latter decomposing with effervescence into water, nitric 
oxide and peroxide. 

aHNOa^H/d + NO + NO.^. 

The nitrogen peroxide produced above also plays tin im- 
portant part in the oxidation of sulphur dioxide, being reduced 
to nitric oxide, 

SOy-f NO^h HP = H2SO4+ NO. 


and this nitric oxide again combines evith oxygen from the air 
introduced, thu,s acting as a “carrier” of oxygen to the sulphur 
dioxide. For this reason a small quantity only of nitric acid is 
required, provided the oxides of nitrogen are retained in the 
chamiier. Hence the use of tiie Glover and Gay Lussac lowers 
in tlie lechnictd ]>roress. 

Wlieniithe above operations have been continued for about an 
hour, air lieing introduced from time to time from the gas- 
holder, a consideralilc quaniity of dilute sulphuric acid will 
li;ne collected. The li(:[uid will be strongly acid, and will 
decompose sodium carbonate and dissidve zinc or iron, liber- 
aling hyfirogen. it will also give a ■nhite ]irecii')itate with 
barium chloride, in.suluble in acids. 

hhajjorate r)ne-fourth or less of the liquid in the fume cu})- 
board, until wliite fumes begin to be evolved. The residue i.s 







into a little cold water in a test tube and note rite evolution 
of heat. It may now be added to the main |)(..rlion of iho 
iitjitiii, the wliule boiled to expel oxides ot nitropem, and then 
convened into tlie tbllowing salts. 

Magnesium Sulphate. 

]\lgS(),, .ylh.O. 

(iipsom Salt.) 

83 . Xeutnili.sc one half of the dilute suiphurit; acid olilaiiied 

abotc \vil!i iiiiUvtnesium carbonate, he.'U nearly to boilitit; and 
ftller at once. Mapnesiuin .sulidiate crystallises from lb(> filinile 
in four-sid(.'d rhombic prisms conlainin.i; seven nuilecuies uf 
water of crystallisation. When healed, the crystals melt in this 
w.ater, and lose six molecules at 1 5o^ the .seventh at 200". '1 lit; 

crystals are. isomorjihous with the corresjionding sulphtiles of 
zinc, iron, nickel, etc. 

Flpsoin salt is used in medicine ns a purgative, and is also 
employetl in dressing and weigliting cotton goods, and as a 
mordant in dyeing. 

Copper Sulphate. 

CuSO,j. 5H.A 
(Blue Vitriol.) 

84 . The other half of the dilute sul]ihuric acid solution is 
neutralised by boiliny with copper oxide, or by adding copper 
carbonate, d'iie blue filtered solution depo.sits copper sulphate 
on cooling, in lran.spareiu, blue triclinic crystals containing five 
moIecuic.s’ of water. Four of these arc lost at lod^, the fifth at 
220-230'k Copper suljihate is used as a mordant in calico- 
printing, and in dyeing, in making certain pigments, as fichcele’.s 
green and emerald green, and in the electrometallurgy of 
copper. 

Purification of Copper Sulphate, 

85 . 'fhe commercial copper sui]thate contains some iron. 
Dissolve 200 grams in 3CX1 c.cs. of iiot water, add 12 gmms of 
lead jicrtixiile and boil for an Iniur, keeping a coiustant bulk of 
liquifl by afklition of water. Add barium ctirbonate and stir 
well, keeping the solution warm. 
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Tobt a feu- c.cb. :ih fulluu’s. l‘'ilter, add ammonium hydrale in 
excess and filler attain. Wasli the filter paper, and if a broivn 
prccipitale is seen iron is present. 

(Jxidise tlio original substance further with lead pero-dde, add 
more barium carbonate if nece.ssary and again test. If free from 
iron filter the whole of the liquid, concentrate and cry,stalli.se. 

Zinc Sulphate. 

ZnSt).j.7H.p. 

(White Vitriol.) 

86. 'file solution from the liydrogen generator may be used, 
excess of zinc lieing adiled to render the solution as nearly 
neutral as possible and to prevent the solution of arsenic and 
h-ad which may be jirosent as inqnirities. Filter the suiiernatant 
liquid thiougb an asbastos filter. Oxidise any iron present In- 
pa.s.sing chlorine through ilu; sojupon. 'fhe iron siioukl not lie 
preeipiiated with ammonium Indrate owing to the furmalion of 
ammonium sulphate which will crystallise with the zinc snljihate. 
It may lie preeipiiated by boiling with a small quantity of zinc 
carbonate (which may be prepared by precipitating a small 
jKjrtion of the .solution with soflium carbonate, filtering and 
wa,shing the jirecipitate), stirring during the heating. 

Test the clear liquid with potassium sulphocyanidc for iron, 
and if free, filter tlrrough asbestcjs and evaporate the filtrate till 
saturated. Allow tlic solution to crystallise. Press the crystals 
between filter paper and dry at a low temperature. 

Zinc .sulphate crystallises in long I'hombic prisms which are 
efflorescent. At ioo“C. it parts with 6 molecules of water of 
crystallisation, and with the last molecule at 300” C. It decom- 
pose.s on heating strongly, forming zinc oxide. It is used in 
medicine and in dyeing and printing. 

Potassium Dichromate. 

K.,Cr«Or. 

87 . Take 30 grams of finfd.y powdered diromite, or chromium 
.sesquioxide, Cixf);,, and mix well by grinding in a mortar with 
30 grams powdered ))(ita.ssium nitrate and 20 grarn.s dry potassium 
carbonate. Place the mixture in , a large earthenware crucilfie 
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and hcdi t<j redvu.'as in a innliie furnace for sevenil hours. 
Alifuv to cool ajul extract die yellow ma.ss with boiliiiL; water, 
]''iift;r i'nmi oxide of iron and concentrate the .solution. 

Cr;,0;; . FeC) + 4 K.O + 70 -= 4 K A'rO j + Fe.O;j . 

Add .snlphuric acid till the solution is stronyly acid, d'he 
( hromate is conc erted into dichronnite, which cry.staili.ses readily. 
Filter the ciystal.s at the jjtimp, usiny a pluy of a.sbesto.s or yhe-s 
woo! insScxid of jiaper, wash witli a little cold w’ater, :ind ron- 
centrale tht; liltnUe. Tlie later separations are liable to contain 
]jotas"'inin .sulphate. Kcerystailise the dichrninate from Itot 
waier. It crystallises in oranye-red triclinic prisms, without 
water cd' c rystalli.salion. The.se melt without decomjvcsition 
below a red heat, and decoiujio.se at higher temperature into 
o.vvyen, ehromium sesqtiioxide and the normal potassium 
clu’omate. 

I'ota.ssiuin dichromate is largely used in dyeing and calico- 
]j]'intiiig, as an (jxidising agent, and in the preparation of other 
chromitifu compounds. The solution lias an acid reaction, and 
is poisonous. , 

Potassium Chromate. 

K^CrO.!, 

88. Di.ssoh'Ci 30 grams potassium dichrotnate in 100 c.cs, 
water, and add slowly to the warm solution [4 gram.s dry 
pota.ssium carbonate. The normal cln'omate i.s produced : 

K.CroO- + K.jC03= 2 K.CrO^ + CO.,. 

Hoi! the liquid to expel carbon dioxide, filter and evaporate. 
Tlic salt crystallises in yellow rhombic jiyramid.s and i.s vciy 
soluble in ivatcr, but insoluble in alcohol. The solution ha.s a 
strfing yelloiv t:olour, and an alkaline reaction. When heated 
the s:dt becomes darker in colour and melts at a high tcm]>era- 
ture without flecompo.sition. 

Chromium Trioxide, 

CrO;,. 

(Chromic Anhydride.) 

89 , nis,solve 60 gran'i,s of potas.sitim dichromate in 100 c.c.s. 
w'ater, and add 85 c.cs. strong sulphuric acid. Allow the 
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mixture, to stund overnigiit in a cool place, when potassium 
hi.'^ulphate will rryslallisc out. Decant the liquid, heat the 
inoiher liquor to .So-yo“ and add 30 c.cs. strong suljdiuric acid. 
If a precipitate of I'hnjniiuin tri<ixide separates, add water till it 
ju.st redi.^isolves. Evaporate on tljc steam until crystal.-^ begin to 
fi)nn in the liquid, and .-iCt aside for a day. Decant the liqtior 
anil evaporate to obtain a further crop. Drain the crystals on a 
funnel loosely plugged with glass wool, using the pump, and 
n.'isli iwire with .sm.all cjuantities of strong nitric acid to remm c 
.su]]j]nir!c acid and sulpliatos. Place in a porcelain di.sh and 
drv Ivy heating very gently on a sand-bath. 

t'hromiurn trioxide ('rystaliises in long rhoinbir jn'isms of a 
df'cp crim.son coioin-. It melts unchanged at t95'\ forming a 
deep-red! liijuid, and at .'’5c/' decomposes into oxygen and lltc 
sesiiuitj.xide. It i.s a powerful oxidising agent. 


Lead Chromate. 

PbCrOj. 

(Chrome Yellow.) 

90 . Di.ssoh e roo grs. of lead acetate or lead nitrate in water. 
Calculate the nei es.sary qurintity of potassium dichromate or 
potassium chromate and dissolve in water, h'iiter the solutions, 
mix the clear licjuids and stir well. Wash the jvrecipitate well 
])>• decaruation, te.sting tlic supernatant liquid for lead and 
chromatex When free from these pour off the liquid and lilter 
through a fluted filter or cloth, filter. Press out as much water 
as {'tossible, break up and dry in the steam oven. 

e I + K.jt :r/h + -P -= ttPl)Cr04 + 2KN O.^ + eM N fJ,... 

'i'he prccipilate is chrome yellow and may be olitaincd in 
lighter sliades by re])lacing a portion of the potassium dichro- 
mate with sodium sulphate, when lead sulphate will be precijti- 
taied witli the chromate. 

Chrome Red. 

T.ike a portion of the ycdlow precipitate before drying and 
boil with dilute caustic soda solution. ■ The yelktw colour will 
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t('i or.tnj^c oi‘ red owing In llio i’onnation of basic 
tiiiioiiiale of li'iid. 

rPl'Crf), + 3NaOII = PbCrO., . PbO + NaA:r() . -!- ILC. 
These chromates are used as pigments. 


Potassium Pemiaugana.te. 

KAfntTi. 

91 . I’lace 70 grains caiuslic polahli and 30 grams poiassium 
t liloralc in a iie(!p iron sand tray, a<i<i 50 c.cs. watin- and rvarm 
until all is dissolved. Stir in Go grams iine.iy-powdered ]jynj- 
iiHiie. and evaporate with constant stirring until th<' paste 
solidities, (‘over with another dish aiul heat to clull reiiin'.ss 
mnil dic mass i.s quite hard and dry. .\!low to cool, break uji 
and p<nvd«r the dark green or brown mass of ]tr»ta.ssium man- 
gan.iie, and boil in il litres of water for an hour, wliile pas.-ing 
a stream of carbon rlioxide gas. A hcsivy precipitate of uian- 
gancse dioxide is formed. Continue; thi.s imtil the licpiid i.s 
vioku in cctlour. The manganalt; is now changed to per- 
numganate. 

j.Miit t,-r KC! 0 ;j+ 6 KOH= 3 K 2 l\InO}d- K(.'l-l- 3 H. 20 . 

3 K.2.MnOj + 2C Oy = Kgiv] + 2 KoCO- -f MnO^. 

.‘\ilow tlie iirec’ipitaie to settle, decant through a glass-wool 
iilter, wasli the precipitate twice with boiling water, and con- 
centrate the combined filtrates. Allow to cool in a covered dish 
and avoid all contact with dust, organic matter, or reducing gases. 

Potassium permanganate crystalli,ses in dark violet rhombic 
jiri.sm.s, witli a green metallic lustre. 'Fhe crystaks are i.so- 
rnoi-phous with potassium perchlorate. Heated alone, tliey 
decompose into oxygen, manganese dioxide, and potassium 
iiKinganale which is also further decoinpo.secl. The substance 
is largely used ri.s an oxidising agent in the lalioratory, and as a 
di.sinfectant (Condy’s fluid). 

Ammonium Nitrate. 

NH4NO3. 

92 , In a Gdndi porcelain dish place iocj c.cs. o 1‘ strong nitric 
acid and dilute with twice its TOhune of water. .Add ainruonium 
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piydrale (i pt. of -MSo nmmon'm to [)Js. of natcr) lil) Ihc 
solution afUM- stirrinj; smells slightly of ammonia. Evaporate 
the liquid till a. portion takcm on tlie end of a. j^lass rod rapidly 
solidifies. Allow to cool, ;ind when solid, warm the dish to 
lnus<‘n the substance, and remi,)\'e it from the disli. lireak up 
into small pieces and use for the })rcparation of nitrous oxide. 

If, during- the neutralisation, a lu'own sediment is ])roduced 
dprobably traces of iron and tarry matter from the ammonia), 
allow to settle and filter. 

I’o obtain crystals, evaporate the solution till saturated and 
allow to rook E’ry the crystals liotween filter papers. 

hi hi .j :”f* hi iSi O .j — IS II Ki , 

Sodium Nitrite. 

■ NaNO.,.' ■ 






93. Place 20 grs. of sodium nitrate in a tin dish and melt 
over a hunsen ilame. Add 6o grs. of lead parings and contiirae 
heating and stirring till nearly all the lead is converted to litharge. 
Allow to cool, lixivifite and allow the clear liquid to crystallise. 

NaN O3 + Pb =■ NaN 0.j + PbO. 

Sodium nitrite crystallise.? in deliquescent prisms and is 
largely used in the preparation of dye stuffs. 

Estimate the nitrite by patas.sium permangajiate (see par. 257 ). 

Lead Nitrate. 

Pb(NOa)jj. 

94. Wash the residue (litliarge) obtained in tlie last experi- 
ment with hot water. Place it in an evaporating dish and add 
nater, st'ir and add nitric acid in small portions till all the 
litharge i.s di.s.sfdved, keeping tlie solution hot during the experi- 
mcru, and the hulk of liquid constant by addition of w.alcr. 
Evaporate tt) dryness on tlie waler-ljath. Di,ss(dve in water, 
filter, add a. few c.cs. of nitric acid, (n'aporate till concentrated 
amf allow to cryrftrdli.so. 

Id ) + 2 1 IN C), Pig' .\' ( E I h.O. 


h.eail nitrate crystallises in regular octtihcdra, and has a 
sokibilitv of 50 at ordinary temjieratures. 
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Hydroxyla.miiie Sulphate. 

95 . Dissolve 75 grams sodium nitrite and 140 grams crystal- 
lised sodium carbonate in as little ice water as possible, and 
pass in sulpimr dioxide until the solution is just acid, stirring 
voTi rmd Keeuing the liquid at 2-j" behav zero by immersion in 
ice and brine. 11ie nitrite is completely converted at this 
ternjx-ralure into sodium oximirlosulphonate. 

NuND,, + N aXO-j + 3 SO.,d- 1 LO 

- id O N :s ! J;.N a),; + Na Id SO., -f Cc )., 

A«!d a few drops of sulphuric acid ; the temperature rises, 
owing to iiydiulvsis of tin* o\imido.sul])honate into oxaniido- 
sulphonate. 

no . N('S(),Na:q + fd ,0 = HO . NH(SO,,Nu)+ NaldSO,. 

Heat "ihiv.dv tf) oc/', and keep tin.* solution at 00-95 k)r two 
days, to conqjleic' tin.' liydroly^is into lij'droxylamine suljdiatc. 

HO . NH.;SO,Na:)-i- ILO^-- NH., . Oil d- NailSO.,. 

'I'bn liqsiitl must not be boiled, or much of the hydroxylamine 
will UP destroyed, do ascertain whether the change is com- 
])Ietc, add excess of Ixirium chloride tu a .small jajrtion of tlie 
liquid, fiker, and i>nil the filtrate with a crystal of potassium 
chlorate, to convert any sulphonale into sulphate. If no further 
precipitate is obtained, the hydrohesis is complete. 

Now neuiralise the solution with sodium cai'bonate, using 
merhyl orange us iiuiii'utor, and evrqiorate till the liquid weighs 
yqo-S.'io grain.s. Cool 10 0'' or - 5 , wlien nearly all the sodium 
siilpliate will cry.stallise out. Filter, wash the crushed crystals 
with a little ice-water, and evaporate until the liquor, tfii cooling 
to ihe mi>m temperature, gives a large quantity of hydroxylamine 
sulplialf*. Evaporate the mother liquor carefullv’, separate 
sfuliurn sulphate as hefore, and then obtain more hydroxjdarnine 
sulphate. Purity tlie latter by rerry.stallisatiun. Yield of crutle 
hyilroxylamine sulphate, about bo grams. 

'! he salt forms large', non-deliijuesreut cry.stals, soluble in 
three-quarters of it.s wt'ight of water tit 20'’ C. The free ba.se is 

5 Divers and Ha, ga, Truf/s. Chem. Soc. (1896), 1665. 
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nikaline in reaction, and is a strong reducing agent, pi'ecipitat- 
ing gold and mercury from tlieir suiiuiuns, and ••uprous oxide 
frt)in c:uj)ric salts. 

Copper Acetate. 

(CH;..C(, ) 0 ).,Cu . UX). 

96 . To a solution of copper sulphate, made by dissolving 
20 grs. of the salt in water, add sodium carbonate to precipitate 
the coppter as ]3asic carlronate. Filter by suction, wash well, 
transfer to a ];)orcelain dish, and warm with acetic acid till dis- 
solved. The acid should be diluted beftjre use, and added in 
slight excess. Evaporate till concentrated and allow to cr> slal- 
iise. 

t:uCO,ri- x.; n;,C( i - (c ii X'ot ))j::u + i-ix) + co,. 

Cu(J) M;,;-!- 2C I ;'C 1 ],0 ) 0 '),.Cn ■•{- el-i J ). 
t..'o]jper aceiate is nsed as a mcji'dant, chieily in the form ot' 
3erdigns. a l^asic coj^per acetate ap])roxiniately of the formula 
sCiu'ChIh.O,;);;. CuO, bill of i-arying compoisition. This i.s also 
used as a green pigment, hut is not good, the colour being 
altered Viy moisture and light. 


Antimony Trichloride. 

SbCk 

97 . Place 50 c.cs. of concentrated hydrochim-ic acid in a porce- 
lain dish and add in .small piortions 30 gr.s of antimony trioxide, 
stirring during tire addition. Heat gently and then boil till 
excess of acid is drii’cn off and a drop of the liquid solidifies on 
cooling. « Transfer to a retort fitted with a thermometer, and 
distil. When the temperature reaches 200“ C, collect the anti- 
mony trichloride in a dry receiver. 

SI 1 . 0 ;, + 6 H Cl - 2 .S bCl, + 3 H . 0 . 

Antimony triHiIoride i.s a deliquescent white crystalline sub- 
.stance, melting at 72' and boiling at 223". It deciinipo.ses in 
water, but dissoh'cs in alcohol unchanged. It is known as 
“iHiftrr of antimony." It may be rry.stalli.sed from carbon 
disulphide. 






PRACTICAL CTi EMLSTRV. 


Ammonium Sulphide. 

(NILjVS. 

99 . Trike 50 c.cs. of <880 ammonia and dilute to 200 c.cs. 
Divide into two equal parts. Saturate one with .sulphuretted 
hyclroj^en and add it to the other, 

N H/)H + H.,S - NH,SH + I-LO, 

NH^S H + N ]d,iOH = (N H,,)^S + H.O. 

Aininoniuni sulphide is u.sed as a reaprent, but for thi.s jiurpose 
it is .qeuendly best ]ircpared by adding ammonium hydrate to 
the 'solution to la; tested and passing a few bubbles of hydrogen 
sulphide' tlirough the mixture. 

.‘\mn)oniuui sulphide decomposes on standing, liberating 
ammonia and .sulphur, the latter dissolving in undeeompo.sed 
ammonium sulpliide, forming a yellow solution. 


Silicic Acid and Pure Silica. 

98 . In a dry half litre llask htted with thistle funnel and 
delivery lulre ])laee ti mixture of 20 grs. of fine .'=;ind and 25 grs. 
of ];owdered fiuor spar. .Allow the delivery tuhie to dip just 
below tlie surface of merairy (about i in. de<']i) contained in a gas 
iar, lliive the delivery tube perfectly dry. Pour watc'r b'> in. 
deep; on the, surface of the merf'ury. Down the tliistli' funnel 
pour strtuig siiipliuric acid and shake the fitisk to ntoisten tiif; 
whole mass. (If any of the mixture at the Iwltom of tlie llask 
rcm.'iiiis dry, the iktsk will proljaldy crack on hetiting.i Meat 
the llask on a sand-ljath. .Silicrm tetniiluoride is given t)ff, 
and liuiibling through the mercury is decoin])os<‘d by the water, 
forming u precipitate of silicic acid and Ictiving in solution 
hydrolhio-silicic ticid. Filter, dry the precipitate and lieat 
strongly. Ihire silica is left. The filtnite may 1 .ie u.sed for the 
preptinuioit of barium lliiusiliciitc. 

•’CaFn + 2 — .aCaSO,, + 4H F, 

4 H F F SiOa = Si -i- 2 H .p, 

3SiF, 4-4MP = H,jSiO,i + aHySiFo, 

H.tSib, = 2Hp + SiO.J 


sinj’Himis. 
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YeDow Ainmotimm Sulphide. 


iOO. Pour the uolnuHess snkuiun of ammonium sulphide, as 
pveparrd ;!l)ove, 01 , er sulphur standing' in a tilter paper placed 
hi a funnel. 'I'lie sul}>hur dissolres, forming polysulj'hides of 

ammonium. 

The poi\ sulphides are de(:oin])ose«I by acids and .snlplinr is 
precipitated: ^ 1 

f'Nl 1 + allCh-.rN If ,(;i t-ll.S + .rS. 

Veilow atuinouiliin sulpiiide is used as a soixent to remove 
tin sulphides of arscnit, anlimony and tin from those of the 
other metals of the eoppi'r grouix. 

Cadmium Sulx)hide. ; 

CdS. 


(Cadmium Yellow.) 

101. Dissolve 10 grs. of cadniiurn sulphate or chloride in 
water and pass .sulphuretted liydrogen through the solution. 
Wash the precipil.ate xvell and dry in the steam oven. 

CdSO^T I-L.S == CdS + HySO,. 

Cadmium sulphide has a ]3ure yellow colour and is not 
precipitated in .strongly acid .solutions. Owing to the liberation 
of acid during precipitation a further precipitate may be obtained 
on dilution of the filtrate. 

Cadmium .sul]iiiidc; is used as a yellow pigment (cadmium 
yellow,!. The colour is permanent, unlike that of chrome yellow 
(lead chromate) wlrich is blackened by sulphuretted hydrogen. 
The cokiilr becomes deeper, ajiproaehing orttugc, as the sti'ength 
of the licit! i.s increased in the solution in wlilch the .sulphide i.s 
precipitated. 

Phosphoric Acid. 
li.,lT),. 


102. I'liKT; to grams of red phoH}»horu.s in a ]ior<'elain disli, 
eos'cr u'ith \sater and add roncentrateii nitric acid of otpial bulk. 
I'l.'ire ill the fume cupboard and warm gently, (.iopiuus red 


I!. !*. c. . E 




i-KAfTK'AL riil'MISTRV 
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Sodimii Phospliates, 

103 . riiosphorir acid is tribasir, and forms three distinct 
rlas.stM of salts, which may be obtained as follows. 

I'OHilMCM l-lYOUiuiKN 1 'il( )Sl'n ATK 

Take some syrupy phosphoric acid, dilute with tvater and 

divide into three equal parts. 

Fo ‘U'ic- part .uld sodinin lu’drau; solution till a tlrop t.ik',."n on 
the end of a qlass rod is just alkaline to litmus, 'fhc solution 
now tionlains disodium hydrogen phosphate. Crystallise. 

The amount of sodium hyilrate soluiion required lor neutni- 
iisulion sliutild lx; noted. 

l-LjPO,! + 2NaOII == Nii.2Hl-04 + 2H.p. 

Mond-sodium Hydrogen Phosphate. 

To a second part of the pho.sphoric acid solution add half the 
quantity of .sodium hydrate solution u.sed in the last preparation, 
and crystallise, 

HsPCTH- NaOH - NaHsPO,! + HoO. 

Tuisodium Phosphate, 

To tlio third ’part add three times the quantity of sodium 
hydrate used in the last prej^aration, and crystallise the normal 
phosphate. 

H .j PO,j + 3NaO H - Xa.PO., + 3H ,. 0 . 

I'he dihodinin phos))hute is the common phosphate of soda, 
and crystallise.s in large monor.linic prisms wliich coniain 12 
molecule.s of water of crystallisation ami are efflorescent. 

The luonosodium }iiiOh])h;tte forms large rhombic crystals, 
amUiiniiig q mnlecuh's of water of crystallisation, and }(a\iug 
an acid rem tion. 

The norma] phosidiale < rjstailist's in thin six-hided jUT-m.s 
containing 12 molet ules of water of crystallisation. Its solution 
iit water is strongly alkidine. 



flH.KSPIiATES. 


W hc!i lie.iled tlif. iirsl yields sodiuiu pyruphospji;ite, 

Na2HP0^-=NajP20. + H2Q, 

.■md tlic second, at 204" sodium hydrogen pyropliosphate, 
sNaH.POj^ Na.^H.l\p..+ 

At 240 this loses the remainder of its water, yielding sodium 
juf-taphosphale. ' , 

NaH. PO,5 == NaPO-j + H.O. 

Microeosmicj Salt. 

I'Salt of P]itjs]ihorus', NafN 1 1,dl POj , 4M^(). 

104 . ( ah' ulate Uifderular proportiems of sodium jjliosjdiate 
nystals and ammonium rliloride tf> make jtxj grams of the 
liiiMiu'c. LMssoIa’c the sodiiui'i pliosphaK' hy .adding in jKirtions 
to joo c.cs. of Ixjiiing water in a Hash which should Ije shaken 
(luring Holulion. Add tiie ammonium chloride, dissolve, liker 
h necessary and allow to fa'ystallise. Hy fractional crystallisation 
free the substance from sodium rldoride. 

NajjH PO,i A N H^Cl x\'a(N PO., + NaCl. 

Microcosmic salt ('sodium hydrogen ammonium ])hosphate) 
cryslailisos with 4 molecules of water. It is efflorescent and 
when lieated leaves sodium meUipliosphate. The fused meta- 
phosphate unites wiili metallic oxides, forming orthopliosphates, 
some of which are coloured, and is tlierefore used as a dry test 
for metals. 

Na( hi j )H 1 'O., - NaPO;, + N H, + M ,, 0 , 

NaP{>.j + CuO-r(hiNai'0.. 

(blue bead) 

Sihea is msohiljle in a inelaphosjjhate be.a(L 

Arsenic Acid. 

AsO.;OH).,. 

105 . In a ]t,'dj-lil)-e retort place 50 grams tirscnious oxide in 
f-mall imiijr-., and 50 r.cs. strong nitric acid. Direct the retort 
neck upwards to ad as a reflux condenser, and connect liie end 
by mean:- of a glass ttibe with a small flask immersed in ice 
water, in whidi the nitrous fumccs rn;iy be condensed. J-leal 


practical f'lIEMlSTRV. 

u.to! • >^eni1v on a -.and-bath nntil nn nmre fumes arc chI. 
l>Mur nfftitu li(|Uid, evapomte to dnness and test lae n-M..ne 1ui 
avM mum-, acid. If present a.ld aqua roqui a-nd aqam eva])(nu,c 
e i> d. m- ,s until free from arsenious arid. 1 ) tss< >1 yf' m liut n ami 
■UHl a'Mir. evaporate to dryness to exjud nitric acul ! he 
r:m Hum be crystallised fnim a little hot water, it 




/Z 



forms transiiarent crystals having the formula -I-LjAsO, . bi.O. 
d'hosi' nieli.Ht locd, giving off the crystal water, and lea\ mg a 
white crv.slalline powder of orthoarsenic arid, I 
’ KMuniue the dark-blue ikpiid which has condensed in the 
small lla.sk. It txmtains nitrogen trioxide and tetroxide. 1 imr 
it into t olfl water, and test the solution for nitrous and nitric 
acids. 

Sodium Arsenate, 

NanHAsO.,, tell/), 

106. 00 To the arsenic acid obtained in last experiment add 
a slight excess of sodium carbonate: filter, and evapomte the 
sohitum at a temperature not exi eeding i8 C. The crystals 
obtained have the above com{io.-^!tion, arc isomorjihous with 
sudium phosphate, Na-jIIPO^ . and eillorescent. At 

.ro" and higher temperatures the crystals r.-ontain only -.even 
molecules of water, and are not tdllore.scent. 

{/i'> Vl^icc 20 grrinis of while in n porcelain dish, add 

a ter, and sodiunt carbonate solution in slight excess, '\\hen 
all is dlssoived add a solution of 15 grams sodium nitrate, 


n.ATLN!»' ('ill.oRif.tJ.; 


t\a]'oi:itc to drym-s;- and iv^nitr in a <'lay '-nKibh'. J)i''SuIve 
(iir naddiK- in watvr, jilicr anil i rystalll.M’ as abovn. 

Sndinrn arsenate- is readily soliililt- in rsater, and the snlntioii 
ha-, a ieeble a!kalin>" veadion. It is used in dycinij' alizarines, 
aiiil ill ealieo-prinlin^;. 

Silver Niti'ate. 

I’Fniin Silver Residue',,) 

107 . .'Vdd stronj.^ hydrurhldrie at id fu the residues, allow to 
settle* jKiur tii'f the elear lii|nid, Itlli'r, wash nell and dry. Jvlix 
the di')' residue with luur times its \\ei;,;iit of fusion mixture 
ti)_L;ether with half its weight of potas.sinrn nitrate and place in 
a tneeiav eniribir. 1 le-al stron”]) in a furn, ■!(.(', pour on to ;in iron 
]i|.ite and allow to coed. Ke-niuve as niaeh caihonau* from the 
button a.s possible by .serujtinp, and boil the sib’er witli hydro- 
cliien-ie aeitj to dissolve any rcniainiti^ carbonate. 

Dissolve titc silver in nitric acid diluted with lialf its volume 
of wtilcr. Evajjoratc to drj-nes-s to reniox’c nitric acid, dissolve 
in distilled water, filter and allow to crystallise. 

Silver nitrate f6rrn.s larye colourless rhombic plates vhicli 
melt at 218" C. and resolidify on cooling to a white fibrous mass 
known as lunar caustic. .Silver nitrate is used largely in 
analytierd and photographic work, and is also em]>lo5'ed in 
medicine and for marking inks. 


Platiiiic Chloride.^ 

(From Scrap I'iatinuin), PtCl.]. 

108 . vScTa]') platinum, which ma.y contain iridium, o.smium, 
oir., is dissolved in aqua regia, and the solution evaporated to 
dryue.'.s t tlie residue is dis.sidved in inoclerately strong hydro- 
chloric acid, and again evaporated to dryness. The dry chloride 
is now tlissoUcd in hot water containing some hydrochloric 
acid, ;md a huge cxces.s of caustic soda added. 'J'hc iitjuid is 
boiled for some time to reduce the higluT chlorides of metals 
other than jiiatinum, die latter remaining in the platinir condition, 

'Thorpe, Quani, i,'hi'in, Ana/., Aptii-ndix. 


1 ' K Ar I' r( 'A L r i n-; M i s 'i' K^■ . 


.1 Tf'W’ (irojis oi ali'ohol an* addt'i] to tle^tvoy any huiliiun 
hioriti’ that iiiay Ik- [ormeci. The precijiitate is reth.-i'iDlvei.l 
in hydrochloric add, the liquid filtered if neces- 
sar\', and a hut, saturated suiution of aintrmnium 

P (.hluride is added so kmy as a precipitate forms. 

I 'i'lii'' predpitatr consists of ammonium platinum 

I chloride, and should be bright yellow in colour. 

~ It is washed by decantation, dried, anti gently 

* liea.ted in a currenl of dry In'drogen. 'I'he 

* It ‘hard nielal .should tlien be weighed, fiis- 

* suhi’d in a(pia regia, the .solution et a])orateil 
ft) e\])el nitric at;id, and then made U}i to a 
dermlle volnmi'. The strength of ihi." .solution 
is thus appn)-\ima1eiy known. 


Purifioation of Mercury. 

109 , Allow the mercury to fall in a succession 
of small drops from the end of a funnel through 
a long column of dilute nitric acid of spec, 
grav. i-i (15 per cent. HNO3, made by mixing 
i part of strong acid with three of water). 
Syphon off' the acid, wasli the mercury set'eral 
times with water, syphoning off the water, and 
then dry the mercury, first with blotting paper, 
finally (at the steam pan. 

I A mercury purification tube may also be 

‘ j used (Fig. 31). The bottom is first filled with 

I pure dry ntercury, nitric acid is introduced, 

and the stream of impure mercury started. 

I’m- .u- process is then automatic, the purified 

inert ury syplioning oM;r into a receiver, in which it m:iy be 
tlrietl by jtlaciiig in the steam oven. 

'I he best method for the purification of mercury is that of 
disiiikiilon, v.hich may lie carried out in a glas.s retort. Ture 
mercury b(jils at 357" C. 


! 'ARlU iX )L'X1»S, 



II CA'RIION POUNDS. 

Methane. 

(iviarsh (ias-is. CH j. 

110. This ["US nifi 3 ' be obtained bj’ lirafin;.’ anliydrous sodium 
aeelate with caustic alkalies. 

Na . ( J i b -1- T\ a < ) f 1 . - c: 1 J , -f N a.-C t 

Mi'c to! 4 Cther lo j^r.s. of freshly-fu'^ed Sfidiuni acetate and 
JJ.IN. of ,^ruiiulau;d suda-liuK’, which h;ts been j3reviousU 
healwl and allowed to cool in the desiccator. Place the niixture 
in a hard yiash te>l-tu!)e or ^a^ll•:, heal carefully, and collect th(.> 
j^as over water. About 2 litres of will 1 ;h? c\(»lvcd. 

Show Ih.'it hromine water and ])Ota.ssiuin permanganate are 
nut affected by tlie gas, by adding iiiese reagents respectively 


lo two jars of the gas and .sltaking well. 'The gas is therefore 
saturated. With a third jar show that lime-water is not affected ; 
then burn the gas, noting the appearance of the flame, and show 
that carbon dio.xide is produced. 


CH.-1-30,.=C0., + 2H..0. 

Potassmm Ethyl Suliahate, 

cvn5.K.so.i. 

111. bo c.cs. of alcohol and 25 c.cs. strong sulphuric acid are 
mixed carefuily in a half-litre round flask. Much heat is de- 
veloped, and t;t]ryl hydrftgen sulphate is fjrmed. 

’ (’A hA) H -i- ! ],SO,j C.d-1,-, .11. St.); + H,.0. 

As this reaction is reversible, it is ini:oiu]>lete unless a large 
excess (jf either alcohol or suiphurii- acid Ire used. As the 
rcHKival of much sulphuric add from the product would be 
troublesome, ext'css of alcohol is employed, the above cpiantity 
hfing twice that llieorelirally rcr|U!re(i for 25 c.cs. of acid. 

Heat the fla.sk for 3 hours in a boilings watc’r-bath innler a reihix ' , 1 1 


condenser. I1ie mi.xlnre now contain.s much ethyl hydrogen 

mu] w H/-1' cinlTilinrii' .ariri mir] 



rkA> "rli’.XL ('llEMlSTUV. 


sl-.ul.ul Coul the ilask under tl)e lai), :ind pour the liquid inlu 
vn-iU'r in u larqc llask or dssli. Ntuitiali.sc v, itli ili.ilk oi 
hariiHU carhonaie. i Ins pri'nipuatus insoluljle c.ilc.iuin oi 
bai'inni sulphate, while the culciuni or baiiiun ethyl suiphdte 
is left m solution, h ilter and cvapoiate to eiystallisittj^ point, 
iJolniirless crystals ol tlie .salt 

St or k'-di-,. SO..hna. ull.jO 

a,re obtained. , , 

’I'tj prepare ll».‘ potassium .s.di from these, dissolve in water 
ami add tmefnUy n» this solnlion, or to the mother liquor, a 
dilutcf scdulioii id poiassiunj (airbonale, until no fui. thci, picci- 
pilaie ‘ti cali iiun or l-ariuni carbonate is produced. ( >n 
cvapor.-itinq the lilten-d liquid colourless tables ol the anlij-drous 

potassium salt, ChH.',. K. SU.I, are obtained. 

KKAcnoNs. I. iicatafeu i-rysials of the ])Ol;rssiuni salt in 
a dry test •tube, I he salt melts and then dccuniposes, yiviiii^ 
otf rthyli-iie ipi-s, which can he iqnited at the mouth of the 
n >,i-Oibe, riiid Ic'i'.iu!- .r re.^idue of jjotassium hisulphate. 
t-'.jH -.K SC>| — * ( ;dl4 i-lvhiSO.j. 

j. Di-i'-olve a t ryslal of the jjotassiuni salt in water; add a 
little dilute hvdj'ochloric acid and barium chloride, 'riicri; is no 
piecipitate. 'boil for a few nhnntt-s. A white ]>rec.l]vitaUi of 
ha.rium sulphate is gnulually formed, as ethyl sulphuric acid i.s 
h}'drolysed by boiling water. 

(foH,l !.SO,i+ Up C,H,OH + 1 -LS 0 . 1 . 


Ethylene. 

ifjUihant Ga..s-, 

112, 'I'iie mo.-,l convenient method is the action of sulphuric 
arid on alcohol. 

30 .alcohol are placed in a .1-litrc flask, and 80 c.i-s. 

concentrated sulphmic acid carefully mixed with it. Some sand 
may he addiai to diminish frothing during the exjicrimenl. 
The flask is fitted with a thistle-funnel or tap-funnel pas.sing 
below the surfacr; of the liquid, and a delivery tube. The gas 
Hlionld he washed by passing through one or tno wash-holtlcs 
containing caustic soda solution, and collected over water. 



ETH VLENE— ACET VLRK K, 


'i'hc inixtuR' ib carefully heated on a sand-batli, llie ilume 
beini!; turned luw ah .soon as ga,s begins to be cx'oivcd, at about 
540' To (’ontinue the supply of gas, a mixture of equal 
\olunies of stnuig sulpliuric arid and alcohol may be added 
slunly from the tai'j-funnel. 

d-]l.,SO,j=.CJT.,. HSO, + ILO. 

CH,.-.. HSO, -0.11,1 + 1 LS< )j. 

(■’ollect several jars of ihe gas and show that it deiolourisea 
broniiite ;uul pota.ssiuin ])enn;mganale ; tlie gas is nn.salunui'd. 

Slaav. that it has no aition on lime-water, but forms t.arbun 
dioxide when burned. 

C,lI,, + 3(,)jj-2CU,.4-2lJ,,(). : 

Ethylene Dibroniide. 

CTTjBr.,. 

113 . This may be ].>rc]3a,red by absorbing etliylcne gas in 
bromine. After collecting the gas required in la.st experinieiiL 
.allow the supply to pass into two glass wash-botlles, the first 
conttiining 20 c.cs. (60 grains) and the second 10 c.cs. of 
bromine, covered witli water one inch deep. Tlrese wash-botlles 

should be kept cool in a trough of wtitcr. The bromine is | 

gradtiiilly decolourised, forming a heavy colourless oil. Transfer 

this to a separating funnel, separate from the tiqiieous layer, and ' ■ ' ; 

wash tlie oil with caustic soda until all five bromine and hydro- 1 

bromic and suljjhurous acids are reiTio\-ed. The oil sliould now 

be colourless. Transfer it to a small Ehlenmeyer rlask, add 

some anhydrous sodium sulphate to dry it, c(«‘k the dask and . 

allow to stand over night. The oil may then be fillerod into a j 

small di?.tilling flask and distilled. B, pt. i3r-5 C., sji. gr. 2-17 i 

at 20vC. ' ‘ 

Acetylene. 1 

.■c,,i-io. ; 

114 . (^r) From ethylene dibromide, by the .action of alcoholic i 

potash. i 

(:,H 4 nR + 2 K( )H =aiL+2KBr+3H.a ). : 

In a small flask place half it stick of caustic pcttash ;ind 
10 c.c.s. alcohol and .shake gently until the potash di.ssolvos. 



Tlu n atlu .:-3 c.cs. ethylene ciibroniitle and warm j^ently, i-ollecl- 
iuy tilt' evtjl'.ed aeetylene over water. Examine it.s beha\iour 
v.ith jK'rmanj^anate and bromine water, .lud on bnrnine,. 

•E From calcium carbide by the action of water. 

CaC;2 4 - 2 H 2O = Q H a( 0 H . 

ria' {■ .-.ome piece.s of carbide in -i .'^niall di.stilliny tlask titted 
with ta ji-fiinnel. From the latter allow water to drop slowly on 
to die (iirbide, when acetylene will be rajiiclly and '•onnimoiislv 
r-.oi'.e.], 'ilje ^as may be collected oter wtiter, ;iiul its j)r(j- 
jterties examined as a,lx)ve. 

o ■ l-’rom ctiproiis acetylide. See below. 

Cuprous Ac3etylide. 

. CoCug, 

nis^oh.e ;i little cnpruus chloride (par. 55 } contained in ti 
.“.inall til de, in a sliyht exces.s of ammonium Indrate, tatd a.liinv 
aiactylvne to enter. A dark red-brow jj precijiittue i,s produced, 
eunsi'tin;;- of cuprou.s acetylide. 

CiuCla 4 - Cgl E = CAdiu -1- 2 1 1 Cl. 

1'hi-. preeipitate is stable in water, but is very explosive wheti 
dry. Allow the precipitate to settle, and wash by dccaiUtttion 
with cold water. Nearly fill the tkisk with dilute hydrochinric 
acid, attach a delivery tube, and wtirm gently. Acetylene i.s 
..evolved. ... 

CyCiigd- 2HCI = 4 - CuoCU. 

Acetylene Tebrabromide. 

aiElir,. 

115 , .'\rety!ene unite.s with bromine to form a dibromidc and 
-1 teirabromide : 

C.J!.^ + Bra==aH.Jir.; ; 4 -Ttr,, -(iH d'.r;. 

Ill the apparatus used for preparing ethylene clibroinide, 
dei'ol.iurise a .similar quantity of bromine with acetylene from 
c,ik imn carbide, and ]»urify the licavy oily te!ra!)romi(.h; a.s for 
the (-tiiylene compound. A colourless liquid is obtained, of 
sp. gr. at 21-5, 4^2-9629 and b. pt. 1 14" at 12 mm. 


I'RAC'llCAL CllKMlS fR-^ . 


Gl^Al'E sugar. 


75 


Ethyl Alcohol. 

116 . Ordinnvy alcohol is manufactured from btarches, iry 
fonvertin.y tho.se first into glucose and then fermenting (lie 
latter with yeast. 


Grape Sugar. 

(Glucose) from Starch. 

Mix 20 grams oi potato starch tt^ a thin cream with cr)ld 
vv.itcr, and pour this into .'dront a litre of boiling water contained 
in ,i large fiask. Transfer about too c.cs. (o each of twi» smaller 
iiasks and allow to cool to 30-40“ C. To the main portion add 
5 c.cs. dilute sulphuric acid and l.)uil gently on a sand-bath until 
a few drops of the liquid, diluted with water in a test-tube, give 
no blue (starch) ov brown (dcxtrin.s) colour with a drop of iodine 
solution. The starch is then completely hydrolysed into grape 
sugar. 

Neutralise the sulphuric acid with chalk, filter and evaporate 
to dryness on the steam-bath. 

To the two smaller portions of starch solution add respectively 
a little diastase and a little aqueous extract of crushed malt, 
which contains diastase. Trace tlie change into givipe sugar 
as above, and then add to the tiltercd main portion and 
evaporate. . ^ . 

Re.VCTIONS. I. Heated in a dry tube, grape sugar nielts 
readily, gives off water, and then chars, evolving combustible 
gases w».th an odour of burnt sugar, and leaving a residue of 
carbon. . 

2. Heated with strong .sulphuric acid, the mixture turns 
yellow, then broun, afterwards charring and evuh'ing .sul]')hur 
<ru).\ide and (-arV)on dioxide, 

3. Gr:i])e .sugar redurc's Koliling’.s solution on warming, giving 
a i‘c(l pi’ccipitate of cuprous oxide. (Distinction from cane 
sugar.) 

4. Amnioniacul silver is .also reduced, giving a sdver mirror. 
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AicolioL 

(From Grape Suyar.) 

117 . iix.) .qrams of commercial dextrose, or the siil),stance 
jirepared as iii l:ist experiment, is placeti in ;i flask or bottle, 
tiissnli,ed in 750 c.cs. water, and 20 prams of yoitst, mixed to a 
uiiifr.rm ('.rfiini \','ith water, then addtxi. Fc?nnentation soon sets 

in, and proceeds most rapidly 
about 25'' C. Attach a debt cry 
tube to the flask and show 

that (lie pas evoked is carbon 
kn/l ^ dioxide. 

‘fr W • ‘-'>H + eCt),. 

it Vy When the evolution of gas 
‘dj" ceases (arrange to loa\'e ovor- 

( y\ T distil the filtered liquid, 

/AI), Hr’ \ / u.sing a Young or Glinsky frac- 

f Yu Cy tionaling column. Collect in 

tile first distillation up to 05“ C. 
\nJ -l-L About 75 c.cs. of dilute alcohol 

\ / will be oljtained. Redistil thi.s 
yy jj portion and collect up to 85" C. 

r ) ’'[I’ This will give .aliout 50 c.c.s. of 

1]' t^l alcohol, which may be further 

M "iC V / dehydrated !ry atlding a few 

^ 41= Cy pieces of quick lime. 

Alcohol is a coIourIe.s.s, pleas- 
N / ant smelling liquid, boiling at 

I 78°-3 C. and of sji. gr. -793 at 

a b : Cj I s“. It mixes with water in all 

3 -- proportions, evolving licat. 

Rk\i"tio.\s. r. Ethyl alcohol hnrn.s with a pale, .slightly 
luminou.s flame. 

2. t'Jn mixing with .strong .sulphuric acid, cthjfl hydrogen 
sulphate is fijrmed with evolution of heat. On warming, the 
mixture gix'cs off inflammable vapours (ethylene, ether, etc.). 

3. When warmed with strong sulphuric acid and .sodium 



ETHYL BROMIDE. 


aa'.tate, ethyl Jicelate is formed, recognised by its pleasant 
fruity smell. 

CyH- . on + CH., . COOT-I - CM;, . CO . OCoH.-Ml.X). 

4. Acetaldehyde is produced on warming ethyl .ilroliol with 
potassium dichroiTuile and dilute sulphuric acid, and is easiiv 
detected by its smell and its property of reducing ainmuniaral 
silver. 

C JI5 . OH + O - CH3 XHQ + 

5. To an aqueous solution of alcohol add a little iodine 
solution and then sodium hydrate until the colour of the iodine 
is nearly destroyed. A pale j-ellory crystalline precipitate of 
iodoform is thrown down. Note the odour (distinction from 
methyl alcohol). 

Ethyl Bromide. 

118 . The hydroxyl group in alcohdls may be replaced Iry one 
atom of a halogen, in various ways; T^^^^ convenient 

method for the preparation of ethyl bromide is to distil a 


mixture of alcohol and potassium or sodium bromide with 
sulphuric acid. 

CoH.C) H + HBr = C2H5Br+ H2O. 

In a half-litre distilling flask (Fig. 33) place 25 grs. (30 c.cs.) 


7.S PRACTICAL CHEMISTRY. 

alr^'hoi nnd 50 grs. (28 c.cs.) stn>ng sulpliurio acid. Mi-\ well 
and cudI under the lap. Then add 50 grs. coar.sely ])rm(l(;r(;d 
}Kita^‘^iuni brotnidc, and wann geiuly on a sand-bath. Lihvi 
]>romlde distils and is condcn.sed in a lung condenser, on the 
end of whirli is placed an adajAcr, which, dips just under the 
sni'l'aco of water in the receiver. The oily drop.s of eiliyl 
laomitle siijk to the bottom of this water, a,nd when no more C)il 
is obiained the ojieration is finished. Transfer the contents oi 
the rrri'i'.er to a separating funnel, wash tlu; brniuide with dilute 
sodimi! t arljonate solution, tlien witli w.ater, and place, in ;i dry, 
wdl-uiri.ed fiask with a little anht’drous calcium cliioride or 
soirmui .ve.ljiliate. After standing overnight, or for at least six 
hours, decant or filter into a small distilling flask and distil over 
a '-mall tiaked flame, placing a few <-hips of porous plate in the 
iiijuid. Cullect as ethyl hroinitlc the iVartion boiling' at 35-40''' C. 
Yield 40 grs. . . 

I'hlui bromide is a colourless, ethereal smelling liquid, in- 
scflubie In water, but mi.scible with alcohol and ether in any 
proportion. Ik ])t. 38-8'’ C. ; sp. gr. 1-47 at t5"C. 


Ethane. 

^ 2 ^ 1(5 > 

(From Ethyl Bromide.) 

119 . By replacing the atom of liromine by one of hydrogen, 
the iiydrocaihon ethane is obtained. 

CaHjBr 4- 2 H C Jl ,5 -h HBr. 

This may lie accomplished by using various reducing agents. 
In a small flask (roo c.cs., Fig. 34), place a mi.xture of 20 grs. 
/inc iltist and 2-3 grs. powdered copper oxide. Fit a ttyo-holed 
stopjK-r to the flask, carrying a long straight calcium chloride 
lube and a bent tap-funnel. From the upper end of the caU'ium 
chloride tube, which is to be filled with coppered zinc, a delivery 
tube is connected to the collecting trough. 'I'he cop jeered zinc 
i.s prepared by placing a .sufficient quantity of granulated zinc in 
a <iilute solution of copjier sulphate, until it becomes coated with 
topper, th(‘n trashing with water and finally with alcohol. 'I’he 
object of this tube of coppered zinc is to remove vapour of ethyl 
bromide frotti the ethane. 


'9 



over \\'ciler. Examine its properties as for methane, and com- 
pare \fith those of the hydrocarlmns already pre]>ai-f;ci. 

By this metliod also methane may be prepared from methyl 
iodide, 

CH3l + CH30H-{-Zn = CH,}-|-ZnI(0CH.;), 
ethylene from ethylene dibromide, 

C2H4Brj> + Zn = + ZnBn.. 

Oxidation of Alcohol. 

120. Alcohol may be oxidised by the moderate action of oxi- 
disins' ag«nts, producing first acetaldehyde and then, by further 
oxidation, acetic acid. * ; ^ . 

C.H3OH + O = CH.,CHO + HX), 

CH3CH0 + 0 = CH.. . COOH." 


Acetaldehyde. 

CI-ls.CHO. 

In a tlask of i'5-e litres capacity (Fig. 35 
coarsely powdered potassium dichromale and 



the flask, and the distillate should (jccupy 180-190 c.cs. The 
residue in the flask may he used to obtain chrome alum. 

This distillate is a miNture of aldehyde, alcohol and water, 
and may I'>e tested foi' aldehyde as follows : 

REtcTJONTs. I. \\hu'm with arnmoniacal silver solution in a 
test-tube placed in a beaker of hot wiitor. A mirror of metallic 
siKer is })roduced. 

+ (acetic acid). 

3. Apply the ifjdtTorm test t'par. 117 , 5). A yellow pr(;ci]flln(c 
f}f if>doforia is produced. 

3, Add a few drops to ,'i small quantity of a saturated solution 


‘KAt i'lCAL {'IIlAMLSTin. 


The flask i-. placed on a sand-bath, and is fitted with a taj)- 
fiiiinel and connci'ted nith a yood condenser and ;i i'ccei\’er 
cooled in i<'e water. From the funnel introduce a ('ooled 
mixtureof fioo c.cs.) alcohol .aticl 184 qr;;. (too c.cs.) strong 

siilpimric acid, 'i’he dichromate is reduced, as shown by the 
darkening of colour, and suiilcient heat is evfflved to cause 
the aldcliyde tf) di'Ail. When the first reaction snbside.s, heat the 
lifjiiid and continue tlie distillation until all aldehyde has passed 
o\t:r ; ;i<i smell of aldehyde should then be detecteil fm opening 
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:nin liisiilpliitc: and shake well, 
impound, CH.CH . OH . SOgNa, 


A while, crystalline addi 
, sepai'ates on stantlinst- 


■Aldehyde Ammonia. 

121. I he aldehyde obtained above may be purified liy cfm 
version into aldehyde ammonia. 

CH.,CH0 + NIL = CH;,.CH<^];5 . 

lo the flask containirig the impure aldeiiyde connect, Iw 
means of an adapter or Iw inrlinim' itio il.r,ct- :i < V lit, 


(fig. 36), llic iijrper end of whicli is conneclod liy a glass lube 
with a 100 c,r. iiipctte, which ]jasses nearly to tin; licjiiorn of 
the lir.st of two siiiall wash bottles connecletl in series, 'Fhese 
last romain each ahnm 35 r.es. of ether, and are kept cool by 
-Standing in ice water. 'I'livougb the condenser a stream of 
wale)' ai 30-40" C. Iknvs. I’larc a few pieces of broken pot in the 
tlask, and boil the liquid gently until all aldcbydo ha.s passed 

!!. KC. F 


I 



8;> I'K.SCTirAL ril.li.\nSTKV. 

over into the ether. The water and alcohol are condensed and 
reliirncft to the tiask. 

A ow saturate liiis etliereal soluticm of aldehyde with annnonia, 
by passing the dry gas (see par. 33 , Fig. 25) through the pipette, . I 

still keeping the wash bottles in ice water. After a short time I 

colourless crystals of aldehyde ammonia separate. These may ! 

lie filtered at the pump, washed with a little ether and dried. 1 

To obtain pure aldehyde from this substance, pl.'ice it in a ‘ 

sniall flask, co\'er with a cold mixture of equttl volumc.s of 
sn!]>huric acid and water, and distil fnan a water-bath, collecting ( 

the aldehyde in a well-cooled receiver. The di.stillrite may be f 

dehydrated over calcium chloriile, :inti ag.iin di.stille(l from this. 1 

I'tne aldehvile i.s a colourless liipiid, with a pleasant smell. | 

H. j)t. 2i‘C. ; sp. ;j!-. -807 at oh It mixes with water, adcohol : 

and ether in all proportions. I 

Acetic Acid. 

CH...CO.OH. ! 

122 . In a half-litre round flask connected with an upright 
condenser place 30 grs. coarsely pow’dered potassium dichromate 
and a c:okl mixture ot 30 grams strong sulphuric acid and 
20 c,cs. trater. From the top of the condenser introduce .slowly 
a mixture of 10 c.cs. alcohol ;ind 10 c.cs. water, so that the 
reaction does not become too violent. When all is introduced, ; 

boil gently on a s.and-bath until the .smell of aldehyale is no 
hanger obsens'ed on opening the fla.sk. This will require about 
half an hour. The alcohol is now completely oxidised to acetic ■ 

acid. ; 

Now re.irnmge the condenser, and di.stil until the di.stilhitc. | 

is only slightly acid. The pure acid is best obtained from its i 

s.alts. Neutralise the dilute acetic add with sodium carbonate, i 

filler and crystallise the salt. Sodium acetate fonns colourless J 

crystals, containing three molecules of water of crycstallisation, • 

Na . t:.,iJTT. 3!]/). 

I’o obtain pure itectic acid, the sodium salt may be mixed I 

with concentKited sulphuric' acid and distilled. The .acid is a I 

i;tt!ourh;ss liquid, solidifying at low temperatures ; m. pt. t6-S" j i 

b. pt. toy : sp, gr. at It'’C. 'I'he add has a ])ungo)tt 
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ACKTATFS. 


Hiiiclt. ;niri blisui'^ llu' hkin. The salts are soluble ii'i r.atc'r, 
and are fI(‘.-onij)')j.e<! cn healinj^, off inilaininaitir vapi 'urs 

(acetone', marsh j^ns, etc.) and leaving a residue of llu; lueUil or 
its carboiitite or oxide. 

(Cdi;,COO)X 4 r-C:aC(X + CH3 . CO . CH,, (aceton..-;. 

RK.xo'l'irsNS. I. i\'iix a little sodium acetate in a uriif-]' uhsss 
with, a few drops of strong sulphuric acid, and note the snud! of 
acetic sa'id. 

2. 'i'o a little dry sodium acetate or glacial acetic acid in a 
test tube add a little alcohol and .strong sulphuric aci«l, aiul 
warm gently. Ethyl acetate is formed, and i.s indicated 1 i\ its 
pleasant fruity sinell. 

: 3. To a neutral solution of an acetate add fenh' rldunde 
solution. A red-brown colour, due to ferric acetate, is produced, 
and on boiling, brown ferric acetate is j>recii>itated. 

(CH;jCOO).5Fe~f aH.c:) ---(C\H.jCOO)Fe(OH)a + 2Ci tn[ !, 

Lead Acetate. 

(Sugar of Lead.) 

123 , Dilute 50 c.cs. of glacial acetic acid with too r.cs. of 
water tmd neuirtdist; with litharge or lead earhontite, warming 
meanwhile on the wau;r-bat!!. Filter and evapc-irate the Eulutiou 
of hiud aceuite. Colourie-ss crystals are obtained, having ilu; 
composition fCn;;CfE Di.Jdj. 3HyO. 

Ethyl Acetate. 

CHs.CO.OCwHi-,, 

124 ;, In a half-liire disiilling flask place a mixture of ^o >-.c"e 
alcohol and 30 c.-;:'. .strong sulphuric add. Fit the ilaA with a 
tapefunne! and .1 tlKcrmuincter, the latter dipping into tlu- lujuiil, 
and nilh a condcn.si-r and receiver. The fla.sk is h(.*;ued on .s 
.s:i!id-b:ttii until the thermometer indicates 140“, and at this 
U-mji(‘ratnr(‘ ti ini.xture f)f too c.cs. alcohol and totj i:.cs. glai i;il 
acetic ttcid i.s dropped into the liquid, as nipidly as eiliyl aceJ.ite 
distils over. 'I'hc di.stiliate is a mi.vtureof ethyl iicetate, tdculml, 
water :iud acetic aei<l, with sulphurous add if any charring has 
0C(,i!rred. Jf is wa-slied with sodium carbontile .solution in a 




funnel until neutral, llu-n with raleiinn ulilorulu 
:u!(! then dried over anliydn-us sodium .sulphate, 
filter into a dry distilling llask, ami distil over a naked ilanie ; 
some etlier jja.s.se.s over iirst, Colloel as i-thyl ;ii-etate the portion 

from 74-8 o'’.- ■ 

Kthyl atetaie i.s a colourless lirpiid, with a plciasanl fruity 
‘■niell. ll mixes with alcohol and ether in all proportions and 
i.-* sidul'le in about n times its x'ohime of water. B. pt. 77 ; 

sp. gr. >9068 at I5°G. 


Hydrolysis of Ethyl Acetate. 

125 . in a Pinall round flask filled with upright condeuser 
placc 2 t'i f.rs. ctliyl acetate and 15 grs. of caustic yjotash dis- 
solved in 50 c.rs. of water. Boil gmrtly over wire gau/e until 
the u}>p' r layer i)f acetate has disapitearerl, ami no snnfll of tlie 
acetate can he detected. Then di.slil about :>o-2^ c.rs. of liquid ; 
liiis is ;i nii.xturc of alcohol aiui water. Add solid jiotassiuin 
carliouate until the alcohol separates as an upper layer, whicli 
may then he di.stilled. 

Neutralise a portion of the residue in the llask, and test for 
acetic acid a.s above. The ethyl acetate has been hydrolysed 
or saponified. 

C U ;,C0 OaHg -f HoO = C I h,C OC VM -f CJ-1 . 0 1 1 . 
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Soa.p, 


126 . Soajrs are the sodium salts fhard soaj)H) or potassium 
-.alts ('.soft soaps) of the acids occurring in flu* natural fats ;ind 
oils, from wliich they are prepared by the actitin of the caustic 
alkaiit's. tfhemicaliy, the proce.ss i.s similar 10 that used in the 
last experiment, 

Wcigli out 100 grs. of beef suet nr palm oil, place in a large 
porcc-lain dish Avilli half its bulk of water, and warm until 
melted. Add 20 grams of cau.stic soda dis.solved in too (xcs. of 
v^tuer, ami luiil gently with frequent stirring, or blow steam into 
the rujuhl, until the mixture is homogeneou.s, and all fat lifts 
dtsfipiKXired, Noiv add 200 c.cs. of a sfitiuated solution of 
common sftlt, stir well, and set aside to coo], 'fhe sofqi will 




^jCjuii'iik- ii Him I ('ill Kti tlie hiirincc, and may hi: nnii'-'vrd 
with a spatula. 

( i;d ^.1 ^ 'll H -i- 3 X a i j 1 1 = 3C , - 1 N a -f Q , H - ■ < M i . 

Ulyctiiin p.ilmitate. Sodium pairaitatu.. . Glycerin, 


.Ether, 
H -."O. 


I- raruf luraily llir same relation U) the ithaihi 
ha.s li) its hydroxide. 


Na ' Xa -ni l ; CJ-|. ' ' ’ < 11 1. 

dl!e^• ;iv<! |ii'(‘p;ir<‘k] ijy ilie delivflration of alcoiiois. usually hy 
itu.-ara. 'if Miljiiu-.iir .nid ; the alkyl liydnij-ten sulpliate is lusi 
ionneil, iiiid icauis \ki!h a sueoiid m<ilc<.ulc of iho isicoliol. pro- 
ducing the. ether : 

t:,i i./iii + i L,S( t,i--r.,H.nso,5..p i-lo. 
f. i- 1 f 1 S o 1 + C., H . ( ) 1 1 = u: J i ) 4- H 2^*1 >.i . 

I'he ethci- and .somti of the water distil, while s-ulphni'ic acid 
is regem.Tiiled. A larLp;- MUiintity of ether may therefore he- 
prepared from ;i re!afi\ely small amount of sulphuric acid. 

In a half-litre distilling flask, connected to a loiig e(Hiil( n;ser 
■see y»repanition of aldehyde, ]>ar. 120), and fitted with ;i ther- 
mometer reaching neaily to the bottom, and a lap-fnnnf-l. jilare 
a niiMtire t>f 120 c.cs. alcoliol ;rad 80 c.cs. concentralcfl sulphuric 
iu'iil. Heat the flask on a Siind-bath to 1.40'', and ]cce])ing the 
teiupeniture at 140- [.45", run in alcohol as fast as the f.'ther 
distils, d'his .-^hosild h(' collected in a well-cooled receiver, 
connect**!.! to the condenser by means of an atlapli-.r. It is, 
advisalde also to place a tin^ilate or cardboard screen across the 
\V(.>rking Ijenrii kx-tuven tlie receiver and the burner, as ether 
vaptiur is very infianintuble. 

folleit td.xjiit half a litre of ether, transfer to a sf‘j>;nMling 
funnel anrl wash with dilute sodium hydrate to reinow .siil- 
pinu'ous acid. 'I'lien wash with a strong .stdiUiou of (aiiium 
cliloride or ronmion salt to remove alcoitol, and finally tran.sfcu' 
the ether to a dry flask and allow to stand tn-er dry <aliiufn 
chlorirle. The last traces of water and alcohol can only be 
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i<.-niu\t;ii v.ith metallic sodium, whicli has no action on pure 


Ether is a colourless, mobile lifjuid, l)oiiinL^ at 35“ C., and of 
t. ^r. ‘720 at 15". It burns with a luininous llame. is miscible 
itii alcohol, but sparingly soluble in «’a.ter (9 vols.). 

Note, In all upenitions ^\■ith ctJier, the neighbourhood of 
anh > inns! lie avoided. 


Ohlorofbrm. 

. CHCl. 

128 . tyigrs. of good bleaching jxnvdcr are tritiinated in a 
Large mortar with 500-600 c.es. water, using the uater in 
portions, and the milky licjuiil is jjonred into a e-litre Jlask. 
'lo liii". ii(|uor add 35 c.cs. ah.oh.ol or aci'ione. connect 
with a good condenser, and warm gently on a sand-bath. 
( hloroform and water, with a little aleohol or acetone, distil. 
Wlien no iisore ran be obtained, dilntc die distillate with wtiter 
to jtrecinitatc the chloroform completely, separate in tt funnel, 
tind wash with ctutstic sotlii, thmi with wtiler, and dry in ;i 
corked tlask with dry calcium rhloride. Distil the chloroform 
frniti a sttiall dry distilling flask. 

(.’hioroforni is a colourle.s.s, higlily-refnictive litpiid of .sp. gr. 
1-5 ’0 at 0“ ; b. pt. 6r'C. Miscible with alcohol or ether, but 
oidy sliglnly soluble in water. It has a sweet smell, and is a 
vtdual lie a n.aestlietic. 


129 , in a cpiarter-litre flask jilace 20 grs. cr; 
< arbonate and too c.c.s. water and wttrm on the 
hath. Wlien the carbonate is dissolved, add 
.Old then, keeping the temperature at 60-70' 
to grs. of powdered iodine. Iodoform sepa 
lellow crystalline powder. Filter on the pump 
watf'r, tuid crystallise from a little ticeionc. 

Iodoform crystalli.ses in thin, yellow, hexagon; 
at I U)‘ C. Insoluble in water ; .soluble in alrol 
form, etc. It is volatile on heating, anti 


OXALIC ACID. 


anae.Ahetir pn.'jK.rties. (Nfjte liie structural resensblaiicr- to 
chloroform.) It is extensively used in surgery as an antist;ptic 
dressing, and in ointments, and has a peculiar and very per- 
sistent odour. 

Oxalic Acid. 

COOH 

I . alioO. 

COOH 

130 . Oxalic acid is manufactured by oKidation of wood 
sawdust. It may also be oljtained fi'om many carbohydrates l>y 
oxidising with nitric acid. 

In a large beaker place too c.cs. strong nitric, acid, and 50 
grams powdered cane sugar. Cover with a chick glass ami 
heat gently on a water or steam-bath, in the fume clianilier, 
until the reaction scets in. Alnmdanl red fumes are evolved. 
When the first violent reaction is o\-cr, ma})oivite iii the fume 
cliamber to about 30 c.cs. and allow to coo). ( )xalic arid 
crystallises in long colourless crystals, whii:h should be drained 
on a small porcelain funnel and recrystallised from a little, hot 
water. 

The acid forms colaurle.ss crystals, containing (wti mulerules 
of water of crystallisation. The crystals melt at 101-5'', losing 
their water, and the anhydrous acid sublimes rdowly, melts at 
189''^ and decomposes at higlier temj)eraUires into carbon dioxide 
and formic acid. 

Reactions, r. Heated with a little strong sulphuric acid, 
oxalic acid decompo,ses, without charring, into carbonic u.xide, 
carbon dioxide, and water. 

* HXA-GOd-COg+I-LO. 

2. To a neutral solution of an oxalate add calciiun chloride; 
a white crystalline prerijiitate of calcium oxalate, CaChUj, is 
formed, insoluble in amim)nia or dilute acetic acid, 

3. To a solution ol oxalic arid or a salt add dilute suljdutric 
acid and a littk; pota.ssium permanganate, and warm gently, 
'i'he permanganate i.s reduced and de.colourisctl, and the oxalic 
acitl uxidi.sc'd to carbon dioxide and water. 

1-1 o :=2C0jj+ 1 12 O. 
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rite ()v;ilaU‘s of the alkali nietalsj on i"niliun leave earbonales, 
ihusc i>r heavy metals, oxides. Refer to the preparation of man- 
Ipmuus oxide, MnO (par. 65 ). 


Metlijrl Alcohol. 

CH...OH. 

13 L 'fins aii.'ohoi is obtained in ihc distillation of wood, atid 
i-. t!n‘ chief constituent of wood spirit, 'fhe ](ure alcohol is a 
lUohile (..ffkjurloss litjuid ; b. pt. 66-67": sp. pr. -796 at ao''. It 
is inisi i].>]e wit!) water, and in general propc-jrtie.s reseinirlos 
iM'isnary alcohol, but it does not give the ioilofonri rrxiiiion. 
( ontiiicieial wood .spirit contains :i little acetone, whicli d(jcs 
give iodofbnn. 

Kr,A(.'l'tO.N'.s. 1. Methyl alcohol i.s i-e.tdiiy o.xidised on Jjeaiing 

vvitli ijoia.-i-siiijn clirhroniate ;ind .sulphuric acid, giving fonnai- 
di'hydo and formic acid, 

CH;,OH + 0=H.C1IO-,c[]A). 

H.CHO-hO--= 11 . 1:0011. 

Tin; formic acid may be distilled and detected as under. 

2 . To a little methyl alcohol add some salicylic acid and 
stiong sulphuric acid and warm gently. Methyl stilicj’late (oil 
of wiitlergieen) is produced. 


Formic Acid, 

H'.CO.OH. 

132 . The acid may be obtained by oxidising metli}'! alcohol, 
but is most conveniently preparcil from oxtilic acid, by der.om- 
}n>sing if in j)re.seuce of glycerol, which prevents the further 
ileconi[)OMtion of the formic acid. 

H.ja0.i== H . CO< )J t -I- C( 

In a Large retort ])lace too c.cs. glycerol and 50 grs. t'rysttd- 
list'd oxalift .arid. Attach a coinlcnser, anrl fit a thernionieter in 
the retort, with the bulb dipping into the liquid. Hi'fU on a 
saiid-haih. At 90“ carbon dioxide begin.s to lie cvoh-cd, ami at 
jcxj-ito'' water and formic acid distil. When the temperature 
reache,-, no” allow to cool to about 80' add amfilter :;o ens. of 


i 
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nxalic acid and distil as b-dorc to iio“. Repr-al lunii t;o. ‘no 
-rs. oxalic acid have been used. The residue in the ivlort mH! 
contains siime -lyceryl lonnatc. It should be transfiand tu a 
large dusk, and distilled with steam until the distillat-' i-, no 
longer acid. The distillate comsists of an aqueous soiiuion oi 
formic acid. It may be converted into 

Lead Formate. 

Pb(.HCO.O)3. 

133 . Neutralise the heated liquid by .stirring in lead caii..or,ni.‘ 
until the addition of more produces no further eflervo.si cum-. 
I'ilter, wa.sh the re.sidue, and evaporate the filtrate. '1 im 

forruate crystallises in long colouiiess needles. 

Pure formic acid may be obtained by heating the dry had 
salt to loo in a stream of dry sulplmretled hydrogen, 

I ’ 1 :)(M C( 1 -I.,S = PbS + 21 . 1 . COOM, 
or by distilling die dilute acid until the con.stant boiling Iiydiate 
UCHAJo + jILC)) is obtained, boiling at loy-i" at 70‘> mm. 
.lhi.s contains 77 per cent, of formic acid. Dissolve in this, 
anh)-dn)us oxalic acid, which on cry.staHising- will reinoM- the 
water. I he licpiid remaining is now almost pure iin'inic acid, 
and may be distilled again. 

J^ropcrtics. A colourless, mobile liquid, m. pt. a-fd C,. b. pi. 
roo-6“C.. s]). gr. 1-22 at 2o\ It mixes with water and aiebuK 
in all proporiion.s, lia.s a, pungent, acid smell, and raises blisici.s 
on the skin. 

kHAcrrioN’S. r. Heated with concentrated .sulphuric at id, 
ionnic acid or fiirmates dec'urnjiose into carbon monoxide and 
water. 

H.CO0il = II,,O + C0. 

2, formic acid reducej^ aiinnoniacal silver solutiotis forming a 
mirror of nn'tallic silver, and mercuric chloride .sohition giving 
a white precipitate of mercurous chloride. 

3. Neutral solutions of formates give a red-broun colour with 
ferric chka’icle, and on boiling, a brown precipitate of basic 
ferric formate (compare acqticacid). 
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Tarta,rio Acid. 

CH.OM .coon. 

1 

CH.OH.COOH. 

134 . 'Pile iiciii (TysRjIliM'b in lar;j;e inonoOinii' })risnit., n-adily 

‘-(li'.ililc in water or alrolio!. Thu solution turns tin; of 

iMii.ui.sed lijdit t<i lliu riL;hi, nr is tL-\tro-rot;ftory. Hf-atfai 
i'aimlly, thu acid melts ;ii 167- r/o’'", and then chars, as do the 
'..ill*, and evoi\'(‘s \';i])t)urs sTiioilin;j; oi huniL suyar. C liarriii” 
,ilso oi;rurs on licatiiiji with strony sulphuric acid. 

Rl„\t;’l'!ONS. I. To a neutral solution of a tartrate add cal- 
<.iun! cliloride solution, ( 00) and .shake well. Ciw stallinc calcium 
taitntte sejtarates, .sohiiyle in acetic acid, insoluble in tuinnoniii. 

e. 'I'o .a neuinil solution of a tartrate ;uld sil\er nitrate: a 
wiiite crystalline ])reiipita1e of silver tartrate is formed. This 
i'l soluble in ammonium hydrate, and the .solution on warminy 
yives a mirror of metallic silver. 

v To a solution of tartaric acid add some saturated solution 
of potassium chloride, cool and .shake; a white cry.stallinc preci- 
pitate of pota.ssium hydroyen tartrate, KC'dl.-.O,,, is obtained. 

Potassium Hydrogen Tartrate. 

(Cream of Tartar), K . H . 

135 . 'I'liis salt is deposited, in the form of .'iryol, duriny the 
fermentation of yrape juice. It is nearly insoluble in alcohol, 
and while readily solul.)le in hot waUw, rccjulrcs sixty jiart.s of 
cold water. 'I'lic c<munen:ial cre;im (jf tartar is made by purify- 
iny crude uryoL, 

Di-solve 20 yr.s. of tartaric acid in 100 c.cs. of warm water, 
and tiller if nec;e.ssary. Divide into two eyiial parts, and care- 
iiilly neutrali.se; one half with a clear solniion of .about 13-14 
prams caustic ])<)tasli in 50 c.c.s. water. This lit|u!d now con- 
tains normal potassium tartrate K.,CjH,0,5. Heat Ps boiliny, 
and add thiMylher half of the tartaric acid solution, also heated, 
and set aside m a covered beaker to crystallise, ^’ield, about 
20 grams. , 



■ 
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Potassium Sodium Ta,rtrate. 

(Rochelle Salt;, K. Na.C4H,,0(j.4H«0. 

136 . Mix 20 ;j;rrims pntassiinn hydrogen tartrate with c.; j,. 
^\■^itcr in a flask, and while ^\arming add gradually a solulion of 
i ; grams nystallised carbonate of soda, until the t.arirale i- coui- 
pietelN dissolved and the solution exactly neutraiisc-d. if tim 
much soda is introduced, adr! a little more of the hit.ntrate. 
Kilter the hot neutral liejuid ami evaporate. Rorlieile salt civs- 
iailises in rolourhcss transparent prisms. Yield, about an grains. 

The salt is readily soluble in water, and in taste resembism 
common salt. It is used in medicine as a mild laxative. I leafed 
in a dry tube', it lirst loses the water of cry.sl.allisalion and tlnm 
chars. For reactions see Tartaric Acid. 


Potassium Aiitimonyl Tartrate. 

(Tartar Pmelic), K(SlvO)C,jH,iO,5 . M lyO. 

137 . In a 500 c.c. round flask jilace 20 grs. cream of tartar 
and an equal weight of antimony oxide. Add 400 c.cs. of water, 
and boil gently until no mure of ‘the oxide will dissolve, and the 
liquid no longer contains the acid .salt. Add water from time 
to time to keep to the (original volume. Filter hot. < )n cooling, 
small colourless rhombic octahedraof the double salt crystallise, 

'rhfse lose their v/ater of crystallisation on cxpo.sure to air, 
and crumble to powder. 

Tartar emetic is soluble in 14 parts of water at to'. The 
solution has an un]'.ileasant metallic taste. With sulphuretted 
hydrogen in presence of hydrochloric acid the avaimony is 
preci])itale*d as oi'ange-rcd antimony trisulphide. Tlie sab.-lance 
is used as a mordant in cotton tlyeing, and in nudicine. In 
small do.scs of <>i to o-“ of a grain its action is sudorific, but in 
larger doses of 1-3 grains it acts as an emetic. An exees.s is 
poisonous. 

Citric Acid. 

C;;Kl,d>. H.x:). 

1 . 38 . This crysirdlises in large rhombic prisms ^\ith one 
molecule of water of crystallisation. It is soluble in part-s of 



water at . 2 o\ tind t'a'^ily solulile in alesihnl. I he ;Hili\ilr<>ns 
ai'id melts at i 53 ", anil at hij^hcr !,L'm])i’r;!l.urcs darkcn.-i and 
deccHTiposes. 

1 . Healed nitli siront^ sulphiirie acid, citraies 
e\Ml’,e carbon monoxide ;ind airlron dioxide, and are sionly 
Iriacbened. 

ralciimi cliloiide in ncMitral solutions pives no [uecijiitatc 
in tlie cold, Init on boiliny, a wliite. cryslaHine prerinit.'ite of 
< ail iuin citrate, tar/C, is produced. 

3 . SiUev nilr.jto jdees with neutral solutions of ritniies a 
white, curdy preripilate of silver citrate, d. bis i.s sohibie in 
ammoni.i, btil is reduced otdj after lonp'-continued boiling. 


Potassium Perrocyanide. . 

(Yellow I’ru.ssiate of Potash). K.iFeC,.N,; . 3 H«U. 

139. This salt is the starting suhsttince for the preparation of 
most of the exanogen compounds. It was formerly prepared by 
igniting carbonised nitrogenous animal matter (horn and leather 
shavings, hoofs, Ijlood, etc.) with crude potash and iron. Ferro- 
cy.'inides are now produced in x'arious ways from the hydro- 
cyanic jicid in crude coal gas. 

It mtty he obtained by adding a solution of pure ferrous 
sulphate to one of jiotassium cyanide until a slight permanent 
precipil.-ite is produced, ileat to boiling, filter and evaporate, 
the clear filtrate. On cooling, potassium ferrocyanide crystal- 
lisca in large yellow nionoclinic prisms, with three molecules of 
water of crystallisation, d’his water is expelled on healing to 
too', .ind the cryst.'ds disintegrate to a white power. 

i- eSO 1 -i- 2 K C N Fe(C X ), -1- F.,SO , , ' 

Fe(C]Sl )2 + 4 ixCN ~ K^f'ci'CN),;. 


Potassium Perrioyanide. 

(Red Pni.s.siate of Potasli), K.,FeC(j]S; 

140. By oxidation of the iron in the iirevions 
ferroixanide passes into fcrricyttnide of pota.s.siu 
be effected by passing chlorine ga.s into a solutioi 
ferracj'unick; until the liquid i.s dark red in colot 




no longer s-ivt-s a l)liu; roluuratibn with ii drop of fL-rric chloride, 
Tlic liquid now contains poiassiuin forricyaiiide and cltloridc. 

2 k jl' i.;Cy,;d- Cl« ■- KtiKcoCyjjjd- a KCl. 

On ev-ajtoralin.q the clear liquid the ferriryanide crysfalliM-.s 
in red rlnjinbic pri.sins. 

Another meilutd consists in oxiclisinj^- tlie fcrroeynniile hv 
IjCfilni”' with fresldy ])re))iired lead peroxide. 25 prams pulassiiin! 
terrocy;iuid(.> are dissolved in qrKTi c.es. water, 10 pram.'; of had 
peKxxide mixed to a. paste with water iirc added, and tlie tnixftne 
is boiled <jn ;i sand-bath until no intce fd' ferroeytinide (.mi he 
deter'ted in a liltercd portion (rf the liepiid, atter jtridifyinp' wttlv 
dilute hydrochloric arid. The litjuid i.s now stronply alkaline 
owinp lo the formation of caustic poiji.sli, nJiich di.<,'so'he,s .some 
of tlie lead monoxide. 


2k,KeCy„+ ['bO,=:2K.,FeC\v,+ 

Pass a stream of carbon dioxide ihroiiyh the liquid during 
the boiling until all the lead is precipipitcd, and filter. Cry.sliil- 
lise the potassium ferricyaMide as in tlie first method. S’icld 
about 20 grs. 


C. PHYSICAL MEASUREMENl’S. 


Determination of Melting’ Point. 


141 . The melting point ot a substance is that constant tem- 
perature at which the solid passes into the liquid form. This 
temperature is most accurately deti-rmiiKid Ity trsing ;i large 
qiKintity (aj least 20 grs.) of tlie material, the vessel coiittiiniiig 
it being heated in a bath the tempemture of which is a few 
degrees higher than that of the melting point required. 

For ordinary lahoratorj' purposes the melting point ni:iy ]te 
found willi :i sufficient degrcM' of accuracy by placing soni<' of 
lh(; powdered substance in the closed end of ;i thin-walled 
capillary tube, made by drawing out ;i tost-Ulbt^ to :i fliameter of 
1-5-.1 inin. ’I’liis .small tiil)f‘ is then jilaeed alongside of an act-uiale 
thermometer, an<l kejit in position by a ring of rubber, cut from 
narrow rubVier tube, and the two together are immersed in a 
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:-ma!l li('ak<n' or tube of suljjhuric aciJ or glycerin (,Mg. 37, ,y\ 
The ring of rulil-tcr may even l)e dispensed with, and t'he burlaec 
ti-nsion fof the liquid will keep the two tubes in contact, i he 
bath should be stirred by means of a gk'iss stirrer, anrl veiy 
sliAvly heated ot'or a small flame. 

histead of a beaker a long, wiJe-ncckcd glass bulb ihig. 37, d) 
mav be- used : and the stirring clisjjenso.d with. I o securt* more 
uiuform heating, the thcniuimcter with capillary may be piacetl 


in a test-tube, which in turn is placed in the acid, wdtich should 
just touch the bottom of the test-tube (Graebe, Fig. 3 , 7 , <1. 

'I'he tenqjerature at which melting begins is the true melting- 
point. Tin's is constant for a pure .substance, but is almost 
always c'onsidendily lowered by the presence of impurities. 

For the jwrpose of identifying a substance with a known l)f)dy, 
place tlircc capillary tubes in contact with the thermometer, 
cmil.uning respectively the known sijl)st,inf e, the unknown, and 
an intimate mi.\'lure of the two. Tf identical, all tliree will melt 
together, e\en on reheating. If not, the mixture will melt at a 
lower tcmjieniuire, in general, than either of the others, 





r.Oli.ING POINT. 


Determination of Boiling* Poin.t. 

Ii 2 . The boiling point of a substance is that temperature a 
which the vapour pressure of the substance is e»|ual to th 
external jrressure upon it. For a pure substance this ten 
perature is constant at any specified pressure, and is in gcm.-r; 
raised with an increase of the pressure. 

When at least 10-20 c.cs. of the liquid are avaiialiie. ili 
usual method of determining the boiling point is to disii! in 
small distilling- fla.sk, heated by a small flame in coniar! wis 


the bottom of the flask. IV) ensure regular boiling, some sina!! 
pieces of porous clay, or c!ip]jing.s’of platinum foil, should l.n‘ 
])laeed in the liquid. The temperature is indicatefl by ;i. tfier- 
mometer ^inserted in the neck, with the bulb just below the 
side-tube of the flask, fl'lie l)ulb thus becomes coated witli a 
film of the pure liquid in contact tvith. its. saturated vapour, and 
the true boiling ]')oint is found, foiling, however, must he 
sufficiently rajiid to keep the bulb entirely covered uitli \.n])oiii'. 
Short range thermomet^'rs, Llic whole mercury rnlunin of v.hicli 
can l.re immersed in the vapour, are to be preferreiL .\'<) <or- 
retnioii foi- the emergent column of mercury i.s llicn uecessrtry. 

(!(>nv(iioj 7 of oA\rr 7 >oi/ ooiUn^(^ point. If the men ury ('olunm 
emerges from the flask, whicli is generally the ease if an 
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onHiiary li»n,if-ranj4e thermonieU'r is employed, this mercur)' is 
at a l-uer U-niperaiun; (lian that in the huli), and the indication 
of iIki ihcrmotneter ia too iow. A eorrectiem must therefore 
Ite made. This is obtained Ijy finding the mean temperature 
(7! of the emergent coluttm, by means of a small thermometer 
lashed to the large one (Fig. 39), so that its bulb is 
lialfwayup the emergent cfjlmnn. Then 

I Corrertion=.0‘Oooi53(2’-/)iV° C., 

'•’.here /’ is llie ohservi-d boiling point, / the mean 
temperature of the ('*)oled column, and the number 

1 <F degrees in the cooled column. 

To i>b!;iin tlic hoiiiiig jxiinl under standnial urossnre 
the n(-c(‘s-.,irv roncction is given by the expression 

9130 

— L vdierc 7’ is tlie ob^eivcd boiling jjoint on the absolute 
scale, and dp tlie diffcnaire between the oljstrved and 
Y standard pressures. 

h 143 . When the quantity of liquid available is too 
h small to allow of a boiling ])oint determination by 
t!)e al.»ov(' method, others may be used. In the 
ini'tltod Chapman Jones’ a bent tube (Fig. 40; 

ixmtains a small cjuantity of the liquid, whirli i.s con- 
voyed to the closed cMid cif the inverted tube, and the open 
end is then pia.ced midcr mercury in a .small di.sh. The whole 
is nenv intrculiu'etl in this ])osition into the Ijalh, which is then 
heated to the boiling point of the liquid. The vapour of the 
liquid exjaXsall the air. and on cooling, mercury en ters the tube. 
If any air bubbles remain, the operation is repeated. Yrhe tube 
is then carefully remov'd, tiu-* liquid made to occupy the closed 
end, atid some mercury ejected until the merctiry level is lower 
in the o])en thtm in the close<l limb. The tube is tlien healed 
slowly in the hath, in the position shown, until the mercury 
-itands at liu- same kuel in Ixitli iimlxs. .Since thci \a])our 
pn-'-^-ure nf luf^ lupii'l must now equal the a(mos])henc jjressure, 
the Uimperaiure of the hath i.s the boiling point of the litpiid. 


’ Trans, i'hfin. Sae. 1878, 175. 
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obser\iUions bliould be made, with both rising tnid 
jaliing tcmperatui'e. The quantity of liquid used must be 
suffu-it.'nl to leave some imvaporised, that is, the vapour must 
be saturated. 

144. 'I'he metliod ot Siwoloboft*’ gives the approximate boiling 
point with even one drop of the liquid. A narrow glass tulie 
(fig. 4 ’.; is sealed at one end, the liquid introduced, and a 
cipillary iulic, sealed about i cm. from the ioux-r end, is plared 
in it. 'I’he tube is then fastened to n iberrnfauetc'r, so that ihr? 
imlb is at the level of the liquid, and lieated in a bjith. Air 


bubbles eserq^e from the lower end of the capillary, and these 
become more numerous as the temperature rises. When the 
boiling point i.s readied, a rapid stream of small bubb]t-.s of 
vapour is emitted from llie liquid. Several observations should 
lie niade, each with a fresh caiiillarv, and the mean taken. 


Determination of Specific Gra-vity. 

145. h'nv the determination of this con.staot, some form of 
pyknonieter or specific gnu ity lube is emjiloycd. 'flic ordinary 

* Ikricfiff, 19 , 795 {r 886 ). 

B. I’, c. Q 
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ynivity bottle with pi;ff{)nited stopper may be used, 
but for arcurate work a nioi-e exact instrument should be 
employed. 

A convenient form is that shown in Fig. 42. It con- 
sists of a glass, tube, with narrow: neck made from 
— thermometer : tubing, and a ground-in stopper. The 
I I neck has one or more marks etched round it. To use 
V J the instrument, it is filled with distilled water, suspended 
by a platinum wire in a beaker of finely crushed ice 
H and water so as to give a temperature of 0° C., and left 
^ ^ for .'in hour. The water level is then adjusted to one 

of the marks by means of a fine capillary, the tube 
removed, carefully dried and allowed to stand in the 
liahmce room for half an hour before weighing. De- 
ducting the weight of the empty tube, the weight of the 
water is found. The dry tube is now filled with the 
liquid to be examined, ]>laced in the Ix'ith for an hour 
and the volume adjusted as before. It is customary to 
fietennine the constant also at another temperature, 15' 
of z 6 \ The lube, after wf'ighing with tlie liquid, is 
J placed in a bath at tiie required teinpenilurc and some 
of the liquid removed. 

Another form of pyknometer very commonly used is 
Verkin's modification (Fig. 43) of die Sprengel tube. This 
cousistH of a U-tube, the ends 
of ihc two limbs being con- 
nei’ied to capillary tubes which 
are bent at 135“ with them, 

and which are therefore at ff 

right angles to each other. A [ 

Oir one of the capillaries is a 
small bulb, and a mark etched 
hetueen tlii.s and the upper 
I'ud of the limb. The ends 
of the ( apillaries are furnished 
with ground -Oil caps. The in- 

htrumi'ut is filled by dipping I / y 

the plain capillary in the liquid, 

and a],iplyiug suction at the Pig. 43. 


VAi'OUK DENSITY. 


utiu r. nuiil tlit; built is hall tilled. It is then ]ii;u;ed in tlie 
halii. and ai1<n- an hnur iwitli cajts onj tin; vciluine is .aijus 
In liltnii- ihe tube so iliat tlie jtlain rajjiilary is liorizctritab 
ntliiT bcin;.< venieid, and withdrawing liquid by nu-aris ut ii 

naja-r jdared in conUict with 

- - . 

the end I'i the capillary, until i 

thi- liquid in the bulbed i.-ajtil- ■■ >■] 

lary has fallen exactly to the .d 

ntark. Then replace the caps, '''%?) 

<lry tlie tube fXirefully and ' 

weigh after standing in the V'y A- 

ftalance mom for half an hour, ij 

J^b'oin the weiglit: of water at I 

o” C., tlie w'eiglit at 4" C. should *-• — ^ 

hir calculated, and the density 
referred to this. For example, 
for alcohol 

/d«/.i = o-8o6 ; ZFV,s== 0-789. 


Determination of Vapour 
Density. 

146 . This forms a ready 
method for the determination 
of the molecular wadght of a It 

substance, and is easily found, 
correct to within 5 per cent, 
by Victor Meyer’s method. / A ^ 

A glass tnbe with cylindrical / \ 

bulb A IFiii. 44) of at least / B \ 

too c.cs. capacity is furnished I / 

near the lop with a, capillary \ y/ 

deli \ cry tul>e and a .sliort side 
tul.te through which a glass rod 

moves in a rubljcr fastener. 7 ’ho lube is .siipporU'd in a wider 
tube B, in which a ]iqui<! is boiled, the vapour from whicli heats 
-•/. 'Hie boiling pioinl of the litpiid in />’ should Ik- at least 
ao-3o‘' above tliat of die substance to be examined. 'J'he bottom 
of yl is covered with dry sand or asbestos, to break llte fall of 
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tiK‘ .m.ili \veiyiR-d and the b.-Uli is then heated to the 

ret.iuini] temperature until no more air bubbles escape from the 
delitery tube'. The substaiue is weighed in a small stoppered 
Uibf^ e,r bullj. and ])lai:ed in the upper end of' A, restinj^ on the 
l••lass rod, and A then closed. When all i.s ready, the glass 
rod ir. wididrawn to allow the substance to drop, and at once 
replaced. Vaporisation should take pilace rapid!)', and the 
expelled air is collected in a graduated tube placed oyer die 
end of the capillary. If this occupies too much time, difiusion 
of the vapour into the U|.)per part of A will afitecl the result. 
When no more air is expelled, remove the measuring tube 
to a tall cylinder filled with water, allow it to stand in water 
15 minutes, and then lake the ii'injicratuie of the natei and tbc 
volume of the air, first adjusting the kwel of water in the lube 
to that in the c) linden In making this adjustment, do not 
touch flic inlrc witli the fingers. 

Calculation of the vapour dcn.sily. 

Let //■’■=■- weight of .substance used. 

volume of air collected. 

„ /= temperature of this air. 

„ /---barometric pressure. 

„ c? = vapour pressure of water at 

Then the vapour density of the substance referred to hydrogen 
as unity is 

Wl=73 + O7bo 

]/{J) - n) 273 X 0-0000896’ 

The molecular weight, referred to that of liydrogen as 2, is 
twice the vapour density. 


Determination of Molecular "Weights 
of Organic Acids. 

147 . The sodium and potassium salts of the sim]>le organic 
ai'ids are destroyed l)y ignition, leaving the carbonate of the 
metal. From the wi'ight of this, the molecular weight of the 
acid may be deduced, hut in may cases the carbon set free 
duritig the ignition is difficult to burn away completely. It is 
better to use the silver salt, which leaves a residue of metallic 
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silv(n-. A wi'l-hvtl (juaiitity ( IF) <.f ilie dry salt is la atcd in ;i 
povn'l.iin (.TUf'dijc, and the residue (/i’) is w'eij<hed. '['iu- Id-s in 
rt presenis tiie radiad of tiio acid, and the. en-iiiv, dmat 
vreii^lil oi the acidi is lh'.;refure 

f io7.93a-F-/t’)l , 

i ~'~ 7 : J-^'- 

If uv.' ei|ni\;!lL'nt ve.-i;.;]’J is !nulti]ilied hy the h.jsicils "i thi- 
acui, die inoif.'cular \vi ij.;lit will bvi found. 




:)UALITATIV1C ANALYSLS, 


(N the section on (^)u:ilil;itive Analysis tliuse reactions of the 
nictiilb and arids liavin^ no bearing- on the suljsequenl anah'-sis 
have Iteen (imitted. The prim;ij)al product or ])roducts ot the 
reactions are given, but the etjuations, excejjt the more difficult, 
have been left to be entered by the student. 

Reference should be made to tlie table in par. 201, which 
indicates the solubilities of the principal salts of the metals, in 
order to obtain a dear understanding of the reactions on whicli 
the analysis depends. From the reactions given, other methods 
of separation .should also be devised by the student. 

In the analysis of a salt, before commencing the separation of 
the metals into groups, the student should carry out the dry 
roaclioii-s given, but these should not occupy more than ten 
minutes. From these tests he will obtain indications of tlic 
presence or absence of many of the metals, and may thus sa\-e 
nuicli labour in the .sul (.sequent operation.s. 

The detection of the acids should follow that of the metals, 
and as there is hero no definite separation into groups, the 
student, after apjilying the preliminary tests, should write in 
liis note.s a li.st of those acids which hai'C not been definifdy 
•sJujwn to 1)0 absent, and then proceed to tost for eadt 
.separately. 

At the end of an analysis the properties of the .substance 
gi\cn sliould be. written in a column, and oppo.siic these the 
properties of the substances found which may account for them. 


TTIK SIl.vrCR GROUP. 


Ip. \ia\ ihp -.ijidpft uHl in many rases he al)!e lu a'lcrtain 
the saifs- prcbeih, and not only the uictals nmi rn id.i 

separately. ' 

'i'lie student shouli! nu( omit to rean'd any ohserrafi.jii 
be<:aus(; :n the time il does not ronvey any information to him. 


Rr:.\(''riON8 ok d'nit \rii'r.'\i.,s. 

THE .siLVi'lK GltotlP. 

Metals w iiosc' rliiorides are insoluhle in ualer (Note, lead 
rhioride is sli;.^i(tiy solulik; in taild water, tnucli iiKae re.tdily in 
!](.)t water). 

Lead. 

FI). 207- 1. 

148. Dry KEAcrioN. 

Heated on charcoal, lead compounds are readily reduced to 
the metal, wltich is soft, malleable, and easily marks jjapfU'. 

Reactions in Sot.ettiox. Use a solution of lead acetate or 
nitrate, (OH.jCOUj^Pb or J-’b(NO;j)«. 

1. Hydroclilol’ic acid gives a white precipitate of Icttd 
chloride, PbCl^, soluble in hot rvaier, crystallising in white 
needles on coo^!n^^. 

2 . Sulphuretted hydrogen ])roduces a black ]n-ccipitafe 
of lead snlphitic, PbS, converted by boiling t^•ith dilute nitric 
acid into nitrate and sulphate. In strongly arid solutions the 
precipiuitc is brst reddish brown, .rFbtJl.j. j'PbS. 

3. Suiphuric acid ])rccipita(cs white lead sulphatf;, 1 'bSD.j, 
slightly soluble in water, in.soluble in 50 per rent, alroliol. It 
is soluble in a solution of ammonium acetate or tartrate, or in 
strong potassium byrlrate or hydrochloric acid. 

4. Sodium hydrate produces a white prerijjitate of lc;id 
hydrate, I’Ih'OIIe, soluble in excess forming sodium pliimbite, 
F1.(t)Xa'b. 

5. Potassium iodide give.s a yellow crystalline jn-eripitate 
of lead iodide, FIjL, soluble in hot water, anti recrystallising in 
shining yellow plates. 


& 
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PRACTICAL CUE M ISTR^^ 


ti. PotOrSBium chromate precipitates yc■llo^^' lead dirom- 
;tff, Pht'rfK, sfiiubie in dilute nitric acid ur in sodium hydrate, 
Sodium carbonate forms a ^^]nte prcci[>itate of basic 

ieatb carbonate, i- 


■ . Silver. 

Ay, io 7 -^lS. 

149. !ii;v RBAcrioN. 

ileati'tl oji chai'i'oal, silver compounds are readily reduced to 
till' nic'ai, vdiicli may be obtained as a bead at a hiyb temiiera- 
turc. 'I'lic isead is hriydit, white and hard. 

RKtcrio.vS IN SoLVTIfiN. Usc a solution of sih(;r nitrate, 
Ay NO,. 

I. Hydrochloric acid yives a white ])rccij)itaie of hiber 
i;Ivioridi>, .XyCI, readily .soluble in ammonium liydrale, and in- 
soiiilile in niiric acid. 

j. Slllp>hurettecl hydrog’en precipitates black sih-er sul- 
jiiiulc, AyyS, soluble in hot nitric acid. 

.-p Sodium hydrate produces a dark yrey preeiiiitate of 
si]M-r o\ide, AgjiO, readily .soluble in ammonia, yiviny silver 
ammonium hydrate, NHoAgOH. 

.|. Pota-Bsiitm chromate pives a brick-red precipitate of 
.•^ilvc•r rhroinale, Ay»Cr 04 , readily soluble in dilute nitric acid, 
decoin po-icd by solutions of alkali cidorides into silver cliloridc 
and a soluble chromate (see usc as indicator, jiar. 264). 

5 , Sodium carbonate gives a white precipitate of silver 
carbonate. 


Mercury. 


.■ Tig,-. 200 . . ■ ■ ■ ■■, 

150. Ukv KliACTiON. 

Many mercury salts volatilise unchanged rin heating, while 
others decompose, so that when heated in a dry tube they may 
give a white sublimate, HgClg, a yellow sublimate, llgL, or a 
sulilimate of mctallk mercury, HgO, Hg(NO,;K,, etc. If heated 
with sodium carbonate, ail mercury salts yield metallic mercury. 
Kkaotion.h jn Solution. 

Mercurous compounds. Use a solution of mercurous 
nitrate, ligNO;,. 


1 . 
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1 . Hydrochloric a.cid j trcri] >itates wliite mcrcuvous cLIi (ridt;, 
l !y:Cl (calonieii. .soiuliie in uiraa regia. It is turned ’alack hv 
lunmonia tl)rniing inorcunius anunonium chloride, NHgilKX'l. 

aHgC! f .7 \ H N I i . JlgXl + NH jCl. 

2 . Sodium hydrHite ,^iv(?s a black precipitate of luercuroii.- 

oxiilc, 

3. Ammoiimm hydrate jn-oduces a black prc-ripiiate of 
mercurous ammonium nitrate, NHyHggNO... .. 

H a N ( ), -i- N' 1 1 .f > 1 i - Nd LI 1 g., N U., -|- N M ,N -f- 2 H ,r>. 

4. Sodium carbonate piecipitales nic'n’urouf, oxide. 

5 . Potassium chromate gives a dark-red jireciiritaU' of 
mercurous cliroma-le, 1 i which dcrttiupuses on imiiition, 
lea', ing chromium ses(jui<);-;ide, Cr/).j. 

<)Xil>,VnoN oK MKiu’riJoUh.S.Al.TS. 

Mercurous salt.s are e;isii;c oxidised to niercuric .salts, 
mercurous ehloride dissoiws in chlorine water or aqua regia, 
liuming the .soliiljle mercuric eldoride, ligCh. Mercur<.n!.s .sal!.s 
are readily redm ed to mercury by stannous chloride, which is 
oxidised to stannic chloride. 

2 H M K ( );; + Sn CL 3- . 2 11 C 1 = 2 H g + SnCl, 4- 2 'H K 0;j. 

SEi’AICATlON OF THE METALS OF ITIE SILVER GROUP. 

151. The scj iaraliun and detection of the metals of thi.s grouj) 
depend u[)un ; 

id) The solubility of lead eldoride in hik water, siKer aud 
mercurous chloritlc's lieing insolulilc 

{/>'] I'he solubility of silver chloride in ammonium hydrate, 
infjreiirous chloride being in.soluble. 

(r) Thl'. formation, of the. black compound of mercurous 
chloride with amntotha. 

THE (.'(.U'l’ER GROUP. 

Aletals whose suljihides arc insoluble in cfdd dilute tidds. 

Mercury. 

152, Mercuric Compounds, Dry Reactions. (Sec 
mercurtjus compounds.) 


I 
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I’KACTICAL CIIKMISTKY, 
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Ui At'lioXH IN SciJAlTiON. Use a solution ufmcrruric nitrate 

'To a. portion of tlic solution add hydrochlono acid ; note the 
result. Repeat tlii-s procedure wiili the other metals of the 
proup. 

i. Sulphuretted hydrogen produces a black precipitate 
of ni<‘ri,uric sulphide, ilpS, insoluble in nitric nr hydrochloric 

id, hut readily soluble in aipia rejtia. It is converted by nitric 
a<id to a white siibstamv, I Ipt hi strongly acid 

solutions of inercuric salts the prociiiitate is lirsl white, then 
yellow, reddish brown, and linaliy ]>laek, owing to the formation 
of compounds <jf tlic mercuric salt and mercuric sulphide, 

а. Sodimn hydrate ]»rcci])itates yellow mercuric oxide, 

vHgO."', ' ' '■ 

3. Amnionium hydrate gives a white jwecipitate of 

mercuric ammonium rlilorkle, NILMgCl. 

.p Potassium iodide produces a bright red precipitate of 
men uric iodide, Hgh.-, soluble in excess of potassium iodide or 
of mercuric chloride. b 

5. Stannous chloride gives a white precipitate of mercurous 
chloride, and by further reduction, grey metallic mercury. 

б. Sodium carbonate precipitates mercuric oxide. 

7. A piece of bright copper placed in an acidified solution of 
:i mercury salt becomes coated with a grey deposit of mercury, 
which on rubbing acc|uires a bright .surface. 


Bismuth. 

Bi, 2 o8'0. 

153 . Dry RiiAorioNs. ^ , 

1. Healed in a tlry lube bismuth salts are decomposed, leaving 
the o.viiic, uliich is orange red while hot, pale yellowMJ^ii^bbling. 

2, Heated on charcoal bismuth compounds are easily reduced 
to metal, which has a slight red tinge and is brittle. A yellow 
incrustation of the oxide is also formed. 

Rka< TioNS IN Solution. Use a .solution of bismuth nitrate, 
Bi(N or bismuth chloride, BiClj. Test as before with 
hydrocliloric acid. 


% 
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5. Suiplixirotted liydrog^on a iL'irk lirov n pi'ociijitate 
of the .su]phi<le, IhaH;,, soluble in nitric acid. 

2. Ammonium, liydvate pvet-ijntaies white bi'^niuth Vsv- 
drate, Bi(OH);55 insoluble in excess. 

3. i'bxccss oi water causes jircciijitntion of a white 
las Bit 

4- Sodium carbonate gires a uirite precipitate of h.isit 
carbonate. ■ ■ 

Copper, 

Cu,,(:) 3 -S 7 . . 

154 . I )KV IBC'CTiON.-. 

1. Heated on cliarioal. copjicr s:dis lea\e a i)lack n.-.iduc' of 
ro])|>cr oxide. Cut), whicli may lu; reduceti, cspiirialh with 
fusion mixture and putassiuiu cyanide in the reducing ilanie, lo 
red scale.s of c(,)i,)per. 

Pota.ssium t^xinide acts as a reducing agent, uniting with 
oxygen to form jagassium cya.nate. 

KCX Kcsn. 

2. Moistened with, hydrochloric acit,] and heated on platinum 
wire, copper comptauuls colour llie dame liiue. if not pncscnl 
as the ha-logen connxjunds, the flame is grec-n. 

3. Hetitcd in a b(jrax bea*l in trie oxidising flame, the bead is 
green wdrile hot, blue on cooling. In the reducing' flame a red 
bead containing .small partic]e.s of copper i.? obtairieii. 

Rlc.tCTiONS JN Solution., Use a solution of cojtjK'V sulphate 
CuSt).; . 5ILO. 

Test with hydrocpjrle acid. 

1. hydrogen produces a black precipitate 
of cubric iSui^liide, CuS, soluble iti nitric add and in pi»tas.sium 
cyanide. 

2. Ammonium hydrate I'jrecijtitates a bluish go'en basic 
.salt, ChiSOj. Cuf()i 1 u, which tlisscdves in ex< <'~s, ita'ming a deep 
hlu(' solutitin ctuitaining tiie I’ompound CiiSi . .iNH-j . H.A). 
Thi.s blue colour i.s destrrp'ed by potassium cyanide. 

3. Sodium hydrate gives a light blue Iirce.ijjitatc. ofbydrute, 
Cn'OlI).,, insoluble in oxcc.ss. It turns l)]ark on Iteatingf, giving 
hydrated eopjxa- oxide, aCiiO . Ih.O. 



rkA(,;TirAL ciucMtSTk^'. 

4. Potassium foiTOcyanide prodiK-cs a reddisli ])rown 

|!V(.ri])ii:itc itf cu])ric ferrui'yanido, 

5. Sodium carbonate prcciiiitaiuin a green basii; car- 
b()na1.c. 

Cadmiimi. 

Cd, If. •>.■4. 

1 )KV Ri'ACTiiJX. 

iraji^r’i nn (']uu'’o;u, cadniiuin compounds give a brown 
in< ruslation of tin* oxide, CdO. 

kKAf'lioNS IX Siil.fn'fox. I'se a sululion of radrniinn 
thioridi', CtlCl.j, or sulphate, LdSt);. 

'rest witli hydruciilnric acid. 

1. Snlplmrfitted hydrogen gives ;i )’cllow jn-ecii.itate of 
aidiiiimi! sulphide, CdS, .soluble in dilute mineral arid.s, and 
therefore nt*! prccipiitated in .strongly acid .solutions. 

2. Aininoninm hydrate precipitates white cadmium 

hydrate, Cd(OH).^, soluble in excess, insoluble in sodium 
hydrate (di.sdnction from /.inc). **• 

S- Sodium carbonate produces a white precipitate of cads 
miura carbonate, CdCt);j. 

4. Potassium cyanide first precipitates a white cyanide, 
which dissolves in exce.ss, forming the double salt 
2KCN . CdiCN).^. 

From tltis .solution suljihurcttcd hydrogen precipitates the sul- 
]ihide (distiiiriiun from ro|)per;. 

Arsenic 

As, 75. 

156. 1)KY RliACTION.S. 

1. Heated in a dr)- tube, arsenic compounds volatilise, giving 
a sujjlimalc. If mixed vith fusion mixture and potassium 
cyfinidc and heated, a .sublimate of arsenic is lormed. 

2. Hcateil on charcofd, .-irsenic comjxjundH ])art]y sublime 
and .ire partly reduced, giving arsenic, which then burns to the 
oxide. Some of the vapour of ar.senic is, Iimvcver, mixed with 
the oxide, and may he recogni.scd by its garlic odour. 





ARSKXIC. 


Ri':Af:'i'ioNS in Solu ! ion*. 

Arsenious compounds. Use a solution of sodium 

arsenite, Na;;AsO;j- 

'f’est with hydrochloric acid. 

1. Sulplmrettecl Iwdrogeii gives in acid solutions a yellow 
precipitate of arsenic trisnlphido, As^S;,, insoluble in strong 
Indrochloric :ici<l5 Init soluble, in ainni(,miuni siilj)hide, founing 
,s( idiu! n thioarseni te. 

Ah,,S,.; + 3(NII,j),,S - 2(N 

With yellow ammonium sulphide, thioarsenale is produced. 

As.A; 1 dA + .S.- 2!'NM I , !.jAsS,i. 

is also solul)le in sodium liydrate, foi’ining .a mixture of 
f arsenite and thioarsenite. 

** As^S-j + dNaOlf ==-Na.,AsS.j-|- Na,.,A«^b + 3n/). 

From these solutions tlie trisulpliide or pentasulphide is preri- 
pitutcd by hydrochloric acid. 

2(N H,J;;AsS,H- 6 H Cl Ar,2Ss+ 6N H,iGl + 3H .,H. 

2(NH4)3AsS,t + 6HCl-As,.S5+6NH4Cl+3Hls. 
Na^AsS;; + N a;(AsC;j 4'61 del =xAs2S;;H-6NaCl+ 3H.iC>. 

2. Silver nitrate produces from neutral solutions a’ yellow 
precipitate of silver ansenite, AgjjAsCbj, soluble in limmouium 
hydrate or nitric acid. 

3. Copper .sulphate precipitates Srheele’s gre^b, Cull AsO;., 
soluble in ammonium hydrate, ammonium chloride, or in dilute 
nitric acid. 

Arsenic compoundB. Use a solution bf sodium arsenate, 
NaJ-IAsO.,. 

1. Sulphuretted' hydrogen slowly precipitates arsenic 
pentasulphide, at the same time reducing some of the ar.senatc 
to arsenitc, and from this precipitating arsenic trisulpliide. Tlie 
precipitation niaj' lie hastened by using a hot, .strongly acid 
solution, fir lieiter, by first reducing the arsenate with sulphur 
dioxide, lioiling off c.xcess of the dioxide before passing sulphui - 
etted hydrogen. 

The ]icntasulpi5idc i.s soluble in ammonium sulpliide, forming 
thioarsenale, and in sodium hydrate forming arsenate and tlho- 
arsenate. 


PRACTICAL CITFAIISTRY. 


*1. Silver nitrate gives a reddi.sIi-Jn-ou'n precipitate of siher 
EU.-vcnalc, Ag^AsO^j soluble in ammonium hydrate or nitric c.ci.l. 

Copper snlpliate produces a pale gi-eenish-blue preci- 
i'-iiale of cupric hydrogen arsenate, CiiHAsO.(, soluble in 
auuii' in ium hydrate or nitric acid. 

j. Magnesia mixture (magnesium sul[jhatc in presence of 
aiumouimn chloride and ammonium hydrate,) gives a wliite 
crv'iiaiiiuc precipitate of magnesium ammonium arsenate, 
'M.;Xli;Asf!,6i!/), soluble in acids. When heated in oxygen, 
ihi-> Icii vc's a residue of magnesium j)\ToarsenaUg AlguAsAV- 

5. Airnnonmni moiybda,te produces, when heated, a 
u-hdw pns ipitate of magnesiimi arsenomolyhdalc, ( lS!JI.g..Asrn . 

/ i .\h)i 61 id). 

Antimony. 

■'Sb, I'20-2. 

157 . iMiv Reactions. 

Heated on charcoal, antimony compounds give a white in- 
enistalic'U. 'I'lie metal may be obtained, but rapidly burns. 

Kk.utions in Solution. 

Antimonious compomids. Use a solution of antimony 
iriciiloride, or of tartar emetic. 

Test with hydrochloric acid. 

1. Snljiliuretted hydrogen produces, in acid solutions, 
an onuigt; precipitate of the sulphide, Sb^Sj, soluble in ammonium 
sulphide, and ia sodium hydrate farming thio- and oxy-salts, ihe 
sulphide being reprecipitated by hydrochloric acid. 'The re- 
actions arc; similat^lo those of arsenic. Antimony lrisul]:>hidc is 
•snlubh; in warm contentrated hydrochloric acid. 

2. ijl'Acess of water causes precipitation of the white oxy- 
chlorides .SbOCl, soluble in solutions of tartaric acid or tartrates 
uli;uiuiiion from BiOCl). 

.1. Silver nitrate gives, with alkaline solutions, a black 
precipitate of silver oxide and silver. 

.p Sodium hydrate or carbonate forms a wliite preripitale 
of aiiiimonious soluble in cxces,i of the former, 
})roducing Midiurn mclaniinionile. 

4SbCl3+ mNaOM =Sb4C )o+ nNaCl +6H.p. 
vSb^Os-f 4NaOH =4Na.Sb03-i- sHoO. 


ANTIMONY- TIN. 


5. If. in ;i ‘Solution of nn antimony salt, a itiect.' of zinr ht- 
j)l;irr-(i m runlnct \\ith a, ]>it‘c:c of pltitiniim foil, tlie tintiniony 
vvi!! br- on flic plalinum as a lurown stain, 

Antiiiionic coDipounds, Use; a solution of potassiutii 
metantirnonate, KSbO.,. - 

I. Siilplim-etted hydrogen producos, in an acidilied soln- 
tiun, tin ni-an|;c:"ix‘(l prtaiipilale. consistinjt of llie jientastilpliidc, 
th<‘ triMilphido and suljiimr. 'Fhe penlttsiiliihido di^.-.ob.cs in 
aiaiiuiniuni sulphide, fonninp- ihifiantiinoiiate. (N i i 5 i.,.SbS,. It 
is ,dso soluble ill .lodium hydrate, lonninj( a uiixltirc of sfidiuin 
antitnoiiali-, thiotnitiinunaU;, and hydrosulphide. 

.i. Silver riitrat© J’ives a wliito precijiitate of silver anti- 
iiiona-1,(:i, 

3. Sodium oai'bonate jiroduccs :i wliite Jirerijiitate of 
meltintimonic acid, HSbO;., 

Till. 

Sn, rig, 

158. Dry Re.m:tion, 

Heated on charcoal, the metal is obtained with difliculty, a 
white incrustation beine' e-enenilly formed. 

RKACTION.S IN .Solution. 

Stannous salts. Use a solution of stannous 'diloride, 
SnClo. 

Test with hydrochloric acid. 

I, Sulphuretted hydrogen preeijntates dark-lirown stan- 
nous sulphide, SnS, soluble in yeiloiu ammonium .sulphide, 
forminj^ ihiostannate, and in sodium hydrate forminf^' stannite 
and tliiostannite. 

Sn.S + ('XIIib.S -h S — (N H i).,SnS.,. 

2.SnS-b4N.aOII — N a._,.SnS;, -f- Nbr.SnfX 4-211.20. 

.Stannous sulphide is precipitated from the latter solution by 
liydriichloric acid, while the former yiekls yellow .stannic 
sulitliide, SnSy. 

Na.;.SnS.2-l- ,\;,t;,Sn( lod'-fHCl-- aSn.S -l'.{Nan 4 - 2f LD. 

(N ItiVSnSij+el-I Ul- Sn.S. + aNlljqjd- 1 i^S. 
Stannous .suijfliido is also soluble in liot stroiiLt liydrochloric 
acid, in oxalic acid, and in tartaric acid. 


m t ^ 
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u2 practic:al chemistry. 

Morciiric chloride iy reduced ])y stannous salts, giving 
inerrra'ous chloride, and finally mercury. 

3 . Sodimil hydx'ate gives a wlnte precipitate of stannous 
li\iinixide, rintOH)^, which dissolves in excess, forming sodium 

stannite. .■ . , , • , d, 

Stannic salts. Use a solution oi stannic chloride, Snt..I,s. 

1. Suljduiretted hydrogen gives a yellow precipitate of 
s,i.mnii suiphiile, SnS.., .soluble in ammonmin sulphide, pro- 
iliicina llnostannate, and in s<)diurn liydraie gi\ing stannate and 
thii)-taiuiate. From these sfiluiions hydrochloric acid iircci- 
piiatcs She stannic sulphide. The sulphide is also soluble in 
hoi, i-.nong hydrochloric acid, 

2 , Sodium hydrate preci])itates wliite stannic ai'id, FE.SnO.i, 
nhii.h is converted by excess f>f soda into soluble sodium 
staiinate, Na^rinO.-v 

■i. In test 157, 5 for antimony, any tin which is present will 
lie "dEplaced from the snlmiun by the zinc. It may then 
be df'tcrtcd by dissolving in hydrochloric acid and adding 
nu n uric, rhlorkhi. This give.s a, means of seixirating antimony 
from tin. 

SEPARATION OF THE METALS OF TflE 
COPPER GROUP. 

159. In the detection of the metals in this gronjr a division 
is first effected by the sclution of the sulphides of arsenic, 
antimony and tin in yellow ammonium sulphide or sodium 
h 3 'drate. These three metals form a sub-group. 

Tim deletion of metals in the sub-group depends upon 

(if) the reprecipitation of the sulpirides from solution by 
hydrochloric acid, 

ih) the solution of tin and antimony sulphides in .strong 
hydrochloric acid, arsenic sulphide being insoluble, 
in the solubility of tin sulphide in oxalic acid, antimemy 
sulphide ISeing insoluble. 

The defectiotr of the metals in the main group depends upon 
((/) the solubility of the sulphide-s of lead, bismuth, copper 
and cadmium in nitric acid, mercuric sulphide being 
iirsoluble, 


TliK IRON GR<JUP. 


(f>) tli(' insolubility of bisnuith hydrate in ammonium Iiyduite, 
cupper and cadmimn hydrates being solid }lc;> 

(r) the solubility of copper sulphide in potassium cyanide, 
cadmium sulphide being insoluble. 


THE IRON GROUP. 

Metals whose hydrates are insoluble in solutions of ammonium 
.'■salts.. 

Iron. 

160 . Dry Reactions. 

!, Heated on charcoal, iron compounds leave a !)Iafk niag- 
netii- residue. 

2. Heated in a borax bead in the oxidising dame, iron 
compounds give a red bead while hat, yellow onctjoling. In 
the reducing flame the bead is bottle green. 

Reactions in .Solution. Ferrous Saits. Use a soluiion 
of ferrous sulphate, FeS04 . yH-iO. 

1. 'J'o a portion of the soluticm add dilute hydrochloric acid 

and pass sulphuretted hydrogen. Boil off the sulphuretted 
hydro^lj^^OT. take a /m ^ mmtion : of the solution and add 
animomum ailoridc anef^nmonium hydrate. Mflien the 
latter is added incomplete precipitation of ferrous hydrate occurs. 
This precipitate is at first dirty whiter changing to pale green, 
grey, and Ihiallv brown, owing to oxidation to ferric liydrate, 
FefbliX. ^ 

2. Sodium hj^'drate gives a similar precipitate. 

3. Ammoilium sulphide precipitates Idack ferrous sul- 
phide, Fe.S, .soluble in dilute acids, 

4. Sodium carbonate gives ;i white precipiPUe of ferrous 
carlionate, l''cCi);j, which rajndly oxidises, 

5. Potassium ferrocyanide forms a white precipitate of 
potassium ferrous ferroex'anide, K.d''e| Fi‘(CN ),•.], which rajiidly 
turns blue tlirough oxidation. Owing to this rapi<i oxidation 
Ihi; precipitate produced in the ordinary way is never white. 

K ,Fc.((.: NX, -f- FeSOg-. K.Fe[FefCN}e] + K.SO4. 

B. r.c. Ji ' , 
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6 . Potassium ferric^'anide forms a deep Irlue jM-erij»iiate 
of ferrous ferricyanide (Turnbnirs blue). 

2 IvjFefC N )(j + 3FeS O,} — Fe;| Fe{ C N ),,]y + 3X2804 . 

•See lire u.-.e of potassium ferricyanide ;is iiulicator in \'olu- 
mcli'ir v.'ork ' par. 260 ;. 

B’erric salts. Osc a solution of Ra-ric cliloride, Fc'Cl;). 

[. To ;i, ponion of tin: solution add liydrodiloric acid and 
then pass sulpluiretted hydrogen. Note the change in colour 
and ttie precipitate of sul|)hur. The ferric salt has been reduced 
to H ferrous salt, 

3 Fee 'b + 1 1 .S - 2 Fed., + 2 H Cl + S. 

Foil (jjf the suljihurettcd hydrogen, add two or three drops of 
coitrentiattal nitric arid, lieat and aild ammonium chloride and 
ammonium hydrate. A broun -preciihtate of ferric hydrate 
is ohtiiinrd, the nitric arid htiving rcoxidised the ferrous to 
■ ferric: salt.' 

6FeCb + 6H Cl + 3 H N O3 - 6FeClj F 4H2O + 2 N O. 
in analytictil work the ferrous salts nuisl always be oxidised to 
ferric, as the former are not completely precipitated by am- 
intmium hydrate. 

Ferric hydrate Is soluble in hydrochloric acid,^te)ljiblc in 
sodium hydrate. W’hcn heated alone it lea'i'es the FcoOg 
which is unaffected by fusion with fusion mixture am! fjo'iassiuni 
nitrate. 

3. Sodium hydrate gives a precipitate of ferric hydrate, 
imsolubie in excess of the reagent. 

3. Sodium carbonate i,n-oduces the same ]>recipitate Vv'itli/ 

evolution of carbon dioxide. /./ 

4. Ammonium sulphide gives a black ])recipitate of forrttos 

sulphide, .sulphur also being precipitated. // 

2 PeCl;. + 3(N H4 )o8 = 2 FeS + 6NH4CI + S. / 

5. Potassium ferrocyanide precipitates dee]j blue ferric 
ferrocy.mide (Prussian blue), Fe}[Fe(CN )„];>, in.soluble in hydro- 
rhlorie acid but defumposed by caustic alkalie.s, 

Fe(CX),.]:i+ I2 KO} 1 -- 4 Fe,"On),,-i.- 3K,Fe(CN),:. 

6. Potassium ferricyanide foi-ms no ]u-eoipitaic, but the 
solution turn.s brown [compare ferrous and .see use as iiulicator). 




IRON -rifROMJUM. n5 

7. Potassinm thioc?ya'nat(-^ yKcs a hloful-nai colouration, 
due the .soluble ferric thiocyanate F'e(SCN);j. ’rhi.s is a very 
delicate test for iron. 

8. Sodium iphosphate pveri]>itale.s jjale buft'coii.iunai f< rri>: 
piiosphale, FelRi,, v, hidt is soluble in mineral acids, but in- 
soluble in acetic acid or ammonia. 

hVrroiis s.'dls arc easily ceddised (chlorine or nitric acid bciuL,-; 
jrenerally iisedj to ferric .salts, anti ferric salts are easily reduced 
to ferrous. 

6 fdc' S O . -1- j i b,.S t > j i- :i i ! N O-. -- 3 Fe.y; S D , i-j -j- 4 Id ,,0 -1 • J 
itbeL'i-.-f Sr!Ci._;--~2FeCl2-l- SnCl,j, 

Chromium. 

Cr, 520. ■ 

161. Duv Ih-. u'Tiox's. 

1. Me.'it'td on. chavctiai. rhroiuiuni t.-ompounds leave a d.irk 
green residue. 

2. Meatc'd on plalinuin or ptircelain with fusion mlMure a.nd 
a little nilrc, a yoliov, mass of potassium and sodium chromalot; 
is obtained. 

3. iieatfd in a Itora.s l:>cad, an emerald green bc.ad is formed 
in either tlame (CnO;. . 

Reactjons in Sc>LU'i'To,\'. Use a solution of chrorae alum, 
K.,.SO. . (>.,( 80 .;);;. 24 11 ., O. 

1. .-Vs with iron, add hydrochloric acid, then sulitlm retted 
hydrogen fno change}, bc'il oft' the latter and tidd ammonium 
dtloride and amiBonium hj’-drate. A blui-sh-green picd- 
jjitale. of chromic hydrate, CriOH).., is formed, slightly soluble in 
e\'C(‘ss, giving a lilac-coloured liquid, from wliich the elnoniium 
hydrate is coin])loicly jnv.cipitated by boiling. Chroiiiiiun 
hvxirate is soluble in dilute acids. 

2. Sodium liydra.te givc.s the same precipitate, \dneli 
readily dissolves iu e.scess to a bright green soluticm of sodium 
chromite (_'r'(,iXaV. Tbe hydrate begins at once to sepairite 
froju Ihi.s soiutif)n when boiled, but for complete jinu ijiiiafion 
long boiling is recjiiircd. 

3. Ammonium sulphide produces the same precii>ttatc. 
(>V.sr)p,,.i..3;NIj;;.„S-i rdI.,0=-2Cv(0fl ),^+3(Nn4)2S(d,-!-3f!.S, 
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rRAt'TICA ] . Ci 1 ^:x^^ISTJn’. 


4. Bodiimi carbonatei yi\i‘s a [irecipilatc of lu'drato and 
carbonate', wliirb i^ivcs pure liydvate <m l^oiling’. 

5. Sodium phosphate precipitates pale gi'een cltromiitm 
jihusphaU*. CrPO.j, soluble in mineral acids, insoluble in acetic 
aidtl or aaniiionia. 

r?XlU.\T10N oi'’ CHROMH'M COMf’OUMBS. 

t.'hrouviMni ( ompnund'^ are easily oxidised to chromates, as in 
the dry reaction (3) or as follows ; 

1. Add sodium peroxide to a cold snlution of a chromic 
salt, and boil till t-librvescence ceases. Sotlinm chromate is 
formed. 

.tCrd )I1 c + 3Na/b---2Na.CrO,,4-2NaOH + -Il/.X 
A lurthod of se])aratioii cif he, Al, and Cr consists in separating 
the Cr and Al fnmj the ijon as sodium chromate and .sodium 
aluminate by the action <if sodium pertjxide. 

3. Sodium hypochlorite, or sodium hydrate and chlorine 
water or bromine water oxidise chromic .salts. 

3Cr{OH).,i+ sNaOCl +4NaOH = 2Na2Cr04 + sNaCl + ShhO. 


li ’ 





Chromates. 

Rfactions in Solution. 

I. Sulphuretted hydrogen in presence of an acid reduces 
the cliromatc to a clironiic salt, the colour changing to green, 
and sulphur being jmecipitated. 

3KACrO,i + loH Cl + 3H2S -4KCI + eCrCb + eSH^O + aS.’ 

3. Sulphurous acid also reduces cliromates to green 
chromic salts, but no sulphur i.s precipitated. 

3 K.,Crt >4 + 3 1 hStis + 2 1 1 .y O j - 2 K 2 .S 0 ^ + CiphSO,!), + 5 M 2O. 

3. Silver nitrate in neutnU solutions forms a red prcri{>itate 
of silver rhroinalo. soluble in nitric acid. 

4. Lead nitrate gives a yellow prticlpitate of lead chromate. 

5. Barium chloride prcci]>it;!tc',s yellow Ixuium chromate, 
solulile in hydnjchioii<' acid. 

6. Morourous nitrate produces a dark-red precipitate of 
mercurous chromate. 



( nkOMATKS - AT<U.MINlU:vI 


(, ]in)in;Uc.~i aif r,isi!y rPiluccd to rhroi'nir halts, and tlK'K'foic 
cliroiiiatch and I'liroinic a( i»! arc; powerful oxitiisin.^ as;c-nth 'see 
volumetric work). 


Distinction nKrwNKN Ciiki jm.vtics an it DiciiuMiAiA'i'Ks. 

L'lnoinates are concerted into dichnmiates on addition of 
ir id, iho (.-(dour ciianyiiij^ from yellow to oranije. Di>-!)n»ma1t s 
are rlianij;ccl to dironuitc', by alkalies. 

(■lininiat(;s an; neutral to litmus, while dit'hromates are ati-.i. 
Sfdniiitns of dirhvoiiia.te doroinpoht' cjirhonates, (arbon dito.ide 
Iteinu evolvc-d. 


DKTKCrtON OF A CnKOMHCM .SALT ANFi tinKOMA'fK l OCKTIILK. 

lloil a little of the substauc{‘ with sodium eai'bonate solution 
and fdter. If eliroinates l»e prestmt the fjllrale is vcdlow ; eon- 
finn with a lead salt. 'I'he precipittitc will contain (lie chromium 
of the chromic stilt a.s iiydntle. 


Aluminmm. 


162 . Dry FtEAcnoN. 

I. Heated on charcoal, aluminium compounds leave wlfite 
aluminium oxide, ALO;^, which when moistened with cobtilt 
nitrate and reheated gi\'es a blue mass of cuhalt tiluminale. 
(Silica and silicates, phos[)hiites and borates, give a blue mass, 
but require to be fused.) 

Reactions in Solivi'jon. Use a solution of alum, 
K.,SC).iAla(SO,);, 24 H.p. 

1, Add hydrochloric add, etc., as before, then ammonium 
chloride and ammoniuni hydra, te. A white preciiiitate of 
aluminium hydnile, Al(OH);;, is produced, soluble in a larj^e 
excess of the reagent, but completely repredpitated on boiling. 
The jirecijiiltile is also siduhle in dilute acitls. 

2 . Sodium hydrate gives the same predpifute, retidily 
soluble in exce.s.^ forming' sodium tiluminale, Nti^Ald,, wliidi is 
dei ompu.sed by nnunonimn chloride, the pre.cijiitation being 
cumpleli' on boiling. Sodium aluminale is also dcconipo.sed by 
dilute acids. 



j. Ammonmm sulphide foi-ms tin? same prcciiiitate. with 

evolutif)!! of sulphuretted hydrotien. 

4. Sodium carbonate produces a {)rci-ipitate of hydrate 
arid rarbonate, which j>ivcs pure hydrate on lioilins'. 

5. Sodium phosphate procipiUites wliilc aluminium phos- 
phate, All’f),,, soluble in mineral acids, but inrsoluble in acetic 
acid or ammonia. 


SEI'ARATIU.\ 01' THE METALS OK THE IROxV CiKCMH’. 

163 . 'I'he detection and separation of the metals of the iron 
group dejicnd upon 

1//) 'ri)e solubility of the hydrates in hydrochloric .acid. 

(/;} d’ho precipitation from this solution of ferric and chromic 
hydra1c.s by boiling with excess of soilimn hydnile, 
aluminium remaining in solution. 

(f) The conver.sion of chromic hydnUc to a soluble chromate, 
the iron oxide being insoluble. 


THE ZINC GROUP. 

Metals whose sulphides are precipitated in alkaline, but not 
in acid solutions. 

Zinc. 

Zn, 65.37. 

164 . Drv Reactions. 

r. Heated in .a bulb tube, most zinc compounds leave a residue 
of oxide, which is yellow when hot and white when cold. 

2. Heated on charcoal with a little sodium carbonate, zinc 
compounds arc reduced to the nuTal, which is volatile and 
e.asily oxidised. No bead is formed, but an incrustation of 
oxide ajjpcar.s on the charcoal. When moistened w'ilh solution 
of cobalt nitrate and again heated, the residue becoin<,‘s green 
I Kinrnann’s green). 

Reactions in .Soi.ution. Use a solution of zinc sulphate, 
ZnSi )j. 7 1 1.4 ). 

To a portion of thi.s .solution add dilute hydrochloric acid, 
then sulphuretted hydrogiui ; next boil off the latter or t.ake a 
fresh portion of the solution and add ammonium chloride and 


ZINO-MANG ANKSl*:. I J9 

ammonia. Note th<i n.'stih.s and (.onhider llioir luiiity. I'icpcat 
this procedure with the other sw-taK of the prouj). 

f. Ammonimil sulphide, or n._,S in the ali-jiiiiu-; solutiovi, 
gives a white precipitate of zinc sulphide, ZiiS, insoluble in 
alkalies or in acetic acid, solulule in mineral acids. 

2. Sodium or potassium hydrate precipitate.^ wlute zinc 
hydroxide, Zn(OH).j, soluble in excess, forming an alhalinc 
zincate, Zn(ONa).j. Sulpluiretted hydrogen ]»re( ipitates llic zinc 
from this completely as sulphide. 

3. Sodium or potassium ca.rbouato jivf id uco*, a whin- 
precipitate of basic zinc carbonate, cZnCfb. 37nit>n);.. .Some 
carbon dioxide gas is liberated. This precipiiale is also oblained 
with ammonium carbonate, but is .soluble in e.xf ess and in other 
ammonium salts. 

4. Potassium cyanide gives a v.-h!t<' pr<!cipit.ite of zinc 
cyanide, solulde in excess, forming the double cyanide, 
ZnC.vv.aKCy. 

Manganese. 

Mn, 54-93. , , „ 

165. Dry RKAcrroNCs. 

1. All mang.'inese compounds, heated with three parts of 
fusion mixture and a little nitre, on platinum or porcelain, 
produce a dark tdue-green mass of alkaline mauganatc, 
Na^MnO^. If this i.s dissolved in water and the solution 
acidified with sulphuric acid, the colour changes to pink, orving 
to tin; formaluin of perinanganate, NaMuth- (See par. 91.; 

2. Tlie borax or microcosimc ijead is coloured vkjlct to 
amethyst in the oxidising flanie (Mn.jO,.;. IbO;.), but is colourless 
in the reducing flame (MnO . 

Reaction;, s 'iN' Soi.,i-'noN, Use ;i. s<.lution of maniumous 
chloride or sulphate. Te.st with hydrochloric acid, etc., as 
directed under zinc. 

[. Ammonium sulphide gir es a thwh- coloured prcciiiit:i,U‘ 
of mangiinous sulphide, MiiS, in.solublf in alkalies, .sfjiuble in 
acelit' acid or miiua'a! acids. 

2 . Sodium hydrate ])reci]iitate.s uliite manganous hydrate, 
:\liv'()Il;,,, insoluble in exfes.s soluble in ammonium chloride. 
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'rh(! pi'er.ipif,Uo rapidly turns brown tliirmph oxidation to nian- 
.uanic hydralo, MnyO;;. H2O. 

j. Ammoilkmi liydrate gives the same ju-ecipiiate in 
aiiM-nre of animonium salts, in pveseni'e of ammonium cliloride 
no prcripitatt; is obtained, but by passing air through tlio warm 
sohition ihe manganese may be rompic:tely precipitated as 
si‘-(i!riOxi(.k;, MuuOjj.IkO, For tliis reason it is difhcult to 
soparate iron and manganese by means of anmamiuni cliloride 
and hydrate. 

4. Sodium peroxide, sodium hypochlorite, or bromine 

water, addcfi to the alkaline solution of manganous salts, oxidise 
die manganese to higher oxides, AlioO;. or whii-h are 

precipitated. 

5. Alkali carbonates ])reci])itatc wlilte manganous car- 

lionati-, MnCO;j, insoluble in excess, soluble in ammonium 
eliloride. ■ . 

6. Permanganic acid reaction, riace some lead per- 
oxide, or red lead, in a test-tube, add dilute nitric acid ;ind a 
solutioti of manganous salt (except httloid salts; and warm 
gently. Allow the lead peroxide to settle. The liquid litis now 
a rose-pink colour, due to permanganic acid. 

Permanganates.’' 

r. Heated alone, these decompose into oxides of the metals 
and free oxygen, with some manganate. 

3. Heated gently with sulphuric acid, some manganese 
hcpitoxide is first produced, the niettils form sulphates, and free 
oxygen is evolved. 

3. With strong hydrochloric acid, chlorides are produced, 
and free ihlorinc equivalent to the avtulable oxygen. 

2KMnO.j = K,j0-f 2MnO„ + 3 , 0. 

2 KM n( ),!-{- KgSOa + M 4- H., 0 , 

2 KAfn(b + 3 H 2 SGV=K 2 S 04 -f 2 MnS()i-i- 3 l-L 0 -f 5 . O. 

2 K M nO^ + 16HCI == 2l^Cl -f 2 Ntot:], + 811 . 4 ) + 5 . Cl„ . 

4. AU permanganates dissolve^ water, giving purple- 
red solutions. They are pottcr^l|||msiug tigmits, stable in 
the cold and in absence of easily cj^ilsablo substances, but 
immediately reduced (decolourised) by suiphuro.us acid,' sul- 
plmreUcd hydrogen, ferrous saltSy oxalic acid, etc. 
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5. Hydi’ogen peroxide .md iH-i'niniij-.niaM'- a.- i.iirir-fl vdth 
acid iiii!HC(li;tic-ly iislici' ulicn iiii’.cd, 

evnhinu;' oxyiac-n in f<[uivalfiif a.minnit^.. ’riii,- n-a' tiuii i-, 
I'lTijiloy'd fill' the iifiliniai itiii nf hydi't);.y2n n!-i\>>,idc atid i‘1 
permair;aiiaU\-;. 

Nickel. 

■Ni, 'sB-oB.' ■■ ■ 

16G. Dhv Ri:.\i 'I'luNs. 

t. lli-ated cn charcoal with fusion mixture, rnetallii tiii lad i:. 
obtained us a .yn'V inagnetir powder, 

2. I'he honix bead is colf)ure<! red brown in the oxidisiiiy 
tlame ^NiO . Ib.O;,), and in tiw reiluciny ilaine coii.'uik-^b bu< 
siigiitly opiiijuc from metallic nickel. 


RKAi-fiONS i\ 1 Soi,i;t!ON. Ufeo a Kolud<tno} nii kel bnlpliate, 
NiSOj. 7H.,0. 

1. Ammonium sulphide j.;ives ft black precijjitate ol tiit- 
kelnus sulphide, NiS, -slighily soluble in cvccsh, insoluble in acefic 
acid, soluble with difficulty in liydrochloric acid, I'cadiiy in nitric 
acid, acpia regia, or hydrochloric acid and potassium chlorate. 

2 . Sodium hydrate precipitates appie-green nirkdous hy- 
dnite, Ni(OH).;i, insoluble in excess, soluble in iutunonia or its 
salts. On ignition it leaves grc)' nickelous o.xide, MiO. 

3. Ammonium hydrate gives tlie siune pnicipitate, soluble 
in excess forming a deep blue solution. 

4. Sodium carbonate precipitates an 
carlionatc of varying composition. , The .s.amc i.s 
anunonium carbonate, but is soluble in excess. 

5 . Pota.Ssium cyanide ])n (duces a green 
nickelous cyanide, Ni(,CN),_j, soluble in excess 
cy;inide, forming the complex cyatiide K^NiCy^. 
hydrogen gives no preci]ntat(* from this solution, the nickel 
forming part of tlie compk>x anlor. -- NiCy.i. but the (,o 33 -!p()nnd 
is com]>!etely deettrnposed iiy boiling with ]iydr<ichk>ric arid. 

6 . tire .above solution in peviassium ryauide add Bodium 
hypochlorite, nr sodiimi hydr.au* and bromlm* water, and 
\v:irm gently. Black nickelic hydrate is ]m;ri[)itatcd. 

3 NiC\a + NaDCl + 5 1 ]J ) -■ X -j- Xat;! 4-4 Mfy. 

'iliis reacticftr^ii^ employed to sepijiMte nickel fs-om cobalt, 


ap))le-gree 5 S basic 
obtained with 


jn-cc ipitate of 
of potassium 
.Snljdinrcttcd 






Cobalt. 

Co, 58 -g 7 . 

167. Dry Rk.yctions. 

I. Hcntcd on charcoal, cobait compound?, are reduced le^s 
ea-il\ liian those of nickel, .yivint; a grey, feebly magnetic 

powder. 

Tiie iKwa.K bead i.s colouretl deej) blue in both oxidiiung 
and rtaluciitg' llames (CoO . IbOjj). 

KiVo TioNS IN Solution. Use cobaltous chloride- or niiraie. 

1. AminOJlinm sulphide ]a-ecipiuites black cobaltous .'-.ul- 
pliide, CoS, insoluble in excess or in dilute' ttcids, solubh; in 
ticjiia regia. 

2 . Sodium hydrate precipitates a Idue basi(' .salt, v.'hich 
itbsoii'.s o\)-gen from air, the colour (htinging to oii\o-green. 

3. Ammonium hydrate gives a slight ])rcci})itate of a 
siiiiiitir li.'tsicsalt, soluble in excess, forming a red-brown sohttion. 
'j'his a.ljsorlrs oxygen on standing, iind bccorn(.;s red in colour, 

-!. Potassium cyanide gives a light brown jwecijtiiate of 
cobaltous cyanide, CoCy.^, soluble in excess, with formation of 
the douldc cyanide 4 KCy . CfjCy 2 . Dilute acids reprecipitate 
coital tous cyanide. 

Tliis .substance is v'ery readily oxidised to ])otassium col)alli“ 
cyanide, the change taking place even on boiling with water 
alone, but more readily in presence of :i little free hydrocytinic 
ru'id ; hydrogen is evolved in the absence of air : 

2 CoCy 2 -1- 2 D Cy = Co^Cy,) -ML. 

This cobaltic cyanide remains in solution as the complex 
pota.ssimn cobalticyanide, from which oxidising agents (.NaC.RUj 
give no precipitate. 


Sl-;P.\RATION OF THE METALS OF THE 
ZINC OROUl’. 

168. The detection and sepamtion of the ntetaks in thi.s group 
depemd on : 

pfj Ihe solubility of zinc and manganou.s suljtltides in 
. dilute hydrochloric acid, those of nickel and cobalt 
sf being insoluble. 


PRACTICAL CIIEM ISTID'. 




(/') The precipitation of zinc anci mauj4aii(.ms Ipdroxidoh by 
sodium hydrate, the ziin contpound alone being 
soluble in excess, 

(f) The precipitation of nickel and coltall as cyanides, 
soluble in excess of potassium cyasiide, the rnhall 
compound being converted, by boiling, into cobaltit 
potassium c)'anide, from which cobalt h m)l preci- 
pitated by heating with sodium h} poi hlorite, -Aliilc 
the nickelous cyanide is oxidised to fht' Idack nii keiii- 
hydrate. , 


THE BARIUM GROUP. 

Metals \vho.se carbonates are insoluble in ammoniiiii! Iniho.^idc 
or carbonate. 

Barium. 

Ba, 137-37.' c 

169 . Dry Reaction. Barium com pounds give a pcrsi-sient 
green colour to the Bunsen flame, especially when moi,stencd 
with bydroGhloric acid, 

REACrioNS IN Solution. Use a solution of barium chloride. 

Test .small portions of the solutions of barium, strontium 
and calcium with the group reagents for the foregejing groups, 
namely (i) hydrochloric acid, (ii) hydrochloric acid ami stilplnir- 
etted hydrogen,; (iii) ammonium chloride and ammonia, and 
(iv) ammonium sulphide. : Note the results obtained. 

1. Ammonium oarbonat© gives a heavy white precipitate 
of btirium carbonate, BaCO.;, decomposed by acetic acid, and 
slightly soluble in ammonium chloride. 

2. Sulphuric acid or a soluljle sulphate dhi.St').,) ]ire- 
cipitates heavy white, barium .sulphate, iSu.St'T, ins')lul>le in 
acids, 

3. Potassium chromate pn.fln(’'-s a lemon-ycllnw pr(.'- 
cipitate of btirium chromtUc, BaCrO,}, .soluble in minenil 
acids. 

4. Ammonium oxalate precipitates white barium o.valate, 
BaU./)i, soluble in mlnend acids, or in uxalii' or atetic .11 ids 
when freshly precipitated. 
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Strontium. 

Sv, 87-62. 

170 . Dk''.' Ri’-ACTiON. Stronlium ('onipoiindh imjiurl, an 
intense crimson coloiu' to the llunsen flame. 

Ri'.ACrioss !X .Solution. Use a solutitm of strontium 
■ clfloride. 

I. Atninonium carbonate ;4i\es a white preri])itatr.; of 
Rlfoininm carbonate, SrCCb, decomposed by acetic arid. 

A' Sulphuric acid produces a Avhitc pr(;cii)it;ite of strontium 
snlphate, SrSf),. The pnM'i])it:iticm is slow from dilute solutirms, 
and is af'celcratcd by addinp ammonium sulpliatc. 

3. Potassium chromate precipittites ydUnv strontium 
chromate, SrCrO,;, from solutions wliich are not too dilulcj. 
'Fhe chromtite is soluble in tiGetic or ntinerai acids. 

4. Ammonium oxalate gir-e-s a white preciijitate of 
strontium o.xalalc, SrC^Oj, less sohtlflc than barium oxtdate, 
decomposed by mineral acids. 

Calcium. 

Ca, 40-09. 

171 . Dry Reaction, The Bunsen flame is coloured yel- 
lowish red by most calcium compounds, especially when 
moistened with strong hydrochloric acid. 

Reactions in Solution. Use a solution of calcium 
chloride. 

1. Ammonium carbonate precipitates white, amorphot^s 
calcium carlionate, CaCOrj, which becomes crystalline on 
standing. 'Hiis is soluble in acetic acid and .slightly .soluble 
in ainmonimn chloride, e.sp(‘cially on boiling. 

2 . Sulphuric acid give.s from strong solutions of calcium 
.salts a while preeijiitate of calcium .sulphate, CaSO^, soluble in 
much u’ater or in ammonium .sulphate solution. 

3. Potaasium Chromate causes no precipitation, calcium 
chromate being soluble in water. 

4. Ammonium oxalate jn-oduces even from very dilute 
solutions a while crystalline precipitalc of calcium oxahite, 

soluble in mineral acid.s, insoluble in acetic acid or 

ammonia. 
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SEPARATION OK TUF: Ml-TALS OF TiSE 
RARTUM GKonp. 

172. The separaufin and deU'i lion of the,-,c inetiiK 

on ; . . . ' ■ ■ ^ , 

(fi) ''i’lie insolubility of barirun dsroinatf; in act-rie ;u'id, 
strontium and ('alcimn cbroniate.s iK*iu,^ srilnble. 

(//} I'he insolubility of strontium sulphate iri utner or 
ammonium sulphtitc solulitm, eah.imn sulphalc briny 
soluble. 

{/) The in.'iijlubility ol ralriutn oxalate in aictir a< id. 

'J'llE SODIUM GKDUI*. 

’■j-his group roinprises the metal.s potassimu, soiliutn, lithium 
and magnesium, and tlic c’omjtlex utition armtiotiium. NHj, 
which arc not ]>recipilated by any previous group reagent. I'lie 
student should prove the latter statement for himself 

Potassium. 

1m 39-1. 

173. Dry Reaction. Potassium compounds colour the 
Buntsen flame violet This cannot be detected in presence of 
sodium, unless a cobalt glass or permanganate or indigo i-trisni 
be used, wltich does not transmit the yellow sodium light 

Reactions in Solution. Use pottissium chloride, 

1. Platinio chloride give.s a heavy, golden-yellow cr}-st;d- 
Hne precipitate of potassium platinichloride, K^.FtCl,;, .slightly 
soluble in water, insoluble in acids or in nlnolinl. If no prCri” 
pitale. is obtained, cvtiporate to a sintdl hulk and add an e(|uai 
volume of alcohol. 

2 . Tartar.ic acid jn'eci]ntatos white crystalline potassium 
hitartrate, KC^jUrO,;, from strong solutions, (.‘spircitilly on 
shaking. 

Sodium, 

Na, 23-0. 

174. Dry Re.^ction. An ititense goltlen-xellow colour is 
imptirted to the Bunsen flame, the light appietiring through the 
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ppfrtros<-opt: as a bright doulile line, ri)infiding with tin- solar 
1 ) liiK'. Tiie reaction is a very delicate one, and tne coldura- 
tiun shuuld be strong and persistent. 

As most sodium compounds are .loluVile in ^Yatpr, the tlame 
te'^t ithieliv is relied on for the (h-tection of sodium. 


Litlimm. 

. Li, /•o. 

175. Luv Reaction. 'The Runsen flame is coloured cnniHun 
l)v liihiuin coniitounds, the spectrum containing' two lines, a 
bright crim.son and a feebler ortmgc line. 

RK.\<TioN.y IN Solution. l.'sc a soUifion of lithium 
tliloriile. Platinuin chloride or tartaric acid gives no preci- 
pitate, , . . 

1, Bodimn phosphate gives, on boiling, a white iirccijatate 
of lithium phosphate, aLiaPOj. H.O, especially in presence of 
sodium hydrate. The precipitate is solulde in hydrochloric acid 
or in ammonium salts. . 

2. Alkaline carbonates precipitate from strong solutions 
wliitc- crystalline lithium carbonate, Li., CO;,, insoluble in alcohol, 
decomposed by acids. 

Ammonium. 

NHj, iS- 04 . 

176, L!rv' Re.actfon. \^d^en heated in a dry tube, ammomum 
salts volatilise either wholly (those with ^■olatile acids: or partly 
.'those with fixed acids, as phosphoric). In the lurmcr case a 
sublimate nil! form on the cold part of the tube. On adding a 
little soda lime and again heating, free ammonia is obtained. 

Reactions in Solution. Lsc a solution of ammonium 
chloride. 

r, Platinic chloride gives a heavy, v-ellow crystalline pre- 
cipitate of aramonium platinicb.loride i NI'iiLPlCl,., soluble in 
nuich water, insoluble in alcohol. On ignition, this comj'immd 
le.'ues only -spongy platinum, and is thus distingui.shed from tin' 
similar ]jolassium compound, whidt leaves a residue of pota.ssium 
diloride and platimnn. 

2. .All ammonium salts are decomposed whetn ground with 
sodium hydrate or soda lime, evolving free ammonia. 
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3. Nesslor a reagent a brou-n jirccipitate of dinierrur- 
.iniMiuniuni nr a ^ellow or l)ra\vn colouration in solmion- 

roniainirii-; mere tract;', of ammonia, 

2 .’KJ . X UjOH +3KOH - Nily-ol . IL().f7KI -f nr.,,;,. 


Magiiesitim. 


177. Urv RKAC'i ii )n. Alajptcsimn cunipountl.a it;a\( 
ri“udut‘ on d)arcoal, wiiich !j<‘(’oint;s incamic.scfnt. 
nifiibU'iK-d will) coljak niuaie and a.t^ain lioalcd, ii boron 
'Flii.s icartion, however, i-, only reliable in absence of otln 

Rk, ACTIONS IN So! U'l'iON. Use a stilulitm of ina 
sulphate. 

I. Ammoninin hydrate jirodtr 
magnesium hydrate, Aig(Olfj.j, sululrlc 
Ammonium sails completely pre\’ent this jirct 


ice.s a partial predpitate of 
in ammonium chloride, 
apitation, 

2 . Potassium, sodium, calcium or barium hydrates preci- 
pitate magnesium hydrate almost completely. It is almttsl 
insoluble in cold or hot water, readily soluble in dilute acids. 

3 . Sodinm phosphate gives a white precipitate of niagjie- 
sium hydrogen phosphate, AlgHPO^. In presence of ammonia, 
magnesium ammonium phosphate, MgXHjl'(.).j. 6 I-l., 0 , is 
obtained as a white crystalline precipitate, practically insf)lub]e 
in dilute ammonium hydrate, soluble in mineral acids or in 
acetic acid. P'rom very dilute solutions the precipitate forms 
very slowly. 

MgSO,, + Na J-1 PO ( -f N I hO 1 1 - AI gN M ,PO, + Na,.S< )., -p H.p. 

When ignited the preci])itate is decomjiosed into magnesiuin 
jrvrophosphate, with loss of ammonia and water. 

2 AlgX H li'O,--: Arg.,P./\-l- 2 NIL.+ H.p. 


Detkction or thi-: AIkta],.s ok the Sodiuai Gimjci-. 

178. hi this group the dame colouration is a rclialiie test for 
sodium, potassium and lithium, especially if examined by miMiis 
of a s]]cctroscope. Potassium is conlirmed by tlie reaction wilh 
platinic ciiloridc. 


12, S PRACTICAL CIlIvAriSTRY. 

Ariirnoniuni compounds lire delected in. the original svd)- 
sta.nce." . ^ ■ 

'L'he only separation necessary is that of mag'uesimn tVoni 
llthiuin. ’Phis is effected by precipitating the inagnosiun} in 
ladd bolntion widi sodium })husphate and ammonia, and the 
lithium by boiling' the filtrate "with sodium hydrate. 


REAC'rrONS OF THE ACIDS. 

Hydrochloric Acid. 

HCl. 

179. Rkact IONS. IJso sodium riiloridc. 

r. Wanned with strong sulphuric acid, hydrocliioric arid 
is libm-ated, and is n.Tognised by its smell and by the; fumes in 
■moist' air. ■, ... 

2. Warmed witl) strong sulphuric acid and mangauese 
dioxide, chloi-ine is liberated, recognised by its smell, and 
its bleacliing action on litmus paper. 

3. Silver nitrate gi\a-.'s a. white precipitate of silver chloride, 
AgCi) readily soluble in ammonium hydrate, but insoluble in 
nitric acid. 

4. ,Warmed with strong sulphuric acid and potassium 
di chromate or chromate, a red vapour oi" cln-omyl chloride,' 
CrD^CL;, is given off (see preparation of chroin\-l chloride). 

aN aCi + Is-.^CnjOii. + 3 H .)S O ( 

~ 2CrOXL + 2N a.SO,, + K.-SCb + 3I L,0. 

The \a[)!nn‘, when poured into a test tube containing water, 
gi\’e.s a yellow solution of chromic acid and liydrochloric add. 
If .sodium l^ydratc be used instead of water a yellow solution of 
chromate and chloride will be p3'oduced. 

CrC)aCL + 4Na.OH - NaXr0.i + 2Naa + aH.O. 

The (diroinate maybe tested for by acidifying with acetic acid 
and adding lead aeeifUe, (Compare the action (>f broniine on 
sodium iu'drate.) 'i’hls gives a means of detecting chlorides in 
presence of Ijronndcs, 




Kr:Ar’rr<)N:,s csf thk A( ids,, 


Hydrobromic .Acid, 

■ H,Br. : 

180 , Rhactsons. Ui.G pciassiuiii bntiriitlc. 
i. Warnicil uith htnni;^ sxxlphfiric acid, aci,] 

anti !)roiniiic‘ arc libcraleci, llic: latter owinc, ln (.jsl'iati- .n u{ jcrl 
of tht: hydrobroniir acid ]>y tin* suljihiiric acid, 

-d n'.r+ i-i,;SO,=--:di,,( t -i SO,,.i- Br.,, 
c. snljibiiHc acid and inaug:f!,nf;.«;> dioxide, Iji'aniaic 

is liberated. 

3. Silver nitrate a pale yt-llo','. pr.-cijiltate cl i llitr 

bnmiidt', Agllr, .•soluble witli diffic.uhy in aiismutiiuni hydrate, 
,'irid in.'^ohililc in nitric acid. 

,j. Chlorine water (but not .stjdium iivjiociilivdu.- *!r uitritii'; 
acid) added to a solution of a iiromide liberates l ironiine, ami lai 
siiaking vritb carbon di.snlphide or elilorofbrni a Isrtmn l.ayer is 
formed. E.s;cess of chlorine wiiiar oxidises the brcmiitiK 

to bromic acid, HBrO..,. 


Hydriodic Acid, 

HI. 

181 . Reactions, Use potas.sium iodide. 

1. Warmed with concentrated snlphitric acid, a little 
hydriodic acid is produced, and much iodine, 'fhe smell of 
sulphuretted liydrogen may be detected. 

2KI + lRSO,j-. Kyl^Oi + aH ]. 

8i 1 H- 1 1 .,S< ),, -4 H ,0 + 1 l.,S E 4 1 ... 

2. Warmed n-ith concentrated sulphuric acid and man- 
ganese dioxide, iodine, is liberated, 

3. Silver nitrate S;;iveK a ])alc yellow presapitate of silver 
iodide, AeJ, imsoluble in arnmc-niuin hydrate (jr in nitric acid. 

4. Chlorine water, sodium hypo; lihaitc or nitrous add 
liberates indin<^ from iodides, and on shakin.n with cad)on 
Jisuli'jhido, a violet layer i.s olrlained, Tlie clilorine wiiter 
must be added drop by <!roj), as tlie iodint; lilicrated is \ery 
readily conv<irled into iodic acid. 

i+3H,,/) + 5(:i“:-H!tb-t-5n{.:i. 

If bromine and iodine are libor;at;i.l tojpaher in tliis manner 
n, r, c. t 
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and nhakcn with carl)on disulpliidc, iho iodine colour masks that 
of ilsc bromine, but by careful addition of chlorine waic-r (.lio 
ccilonr of the iodine disappears and that due to the bromine is 
left. 

5 . Sta.rch paste gives witli free iodine a deep l.ilue coloura- 


(>. Copper sulphate in })rcsencc of sul])hurous acid givo-s ;i 
Wifne precipitate of cuprous iodide, Cir.L.. 

at jtSCt^ + ^IvI + H 2 H 03 H- i fyi > — 2 KI-bSO,+ H^,vSO, + Cu.d„. 
lly lids means the iodide may be removed, oni' ]iarl of tiic 
filtinte tested with chlorine water and carbon disulphide for 
linmiide, and another part evaporated and tesr(>db;\ the clmanyl 
chloride test for chloride. 

T(. test for the halogens in presence of .a cy.'inide, iirsi reinc«\e 
the cyanide by boiling with dilute nitric acid, or with excess of 
siKlium Incarbonate. Or precipitate with excess of AgNC)^ anti 
ignite the pvecipitate. Silver cyanide is decomposed, the 
chloride only fused. . See also under Hydrocyanic acid. 

Hydrofluoric Acid. 


HyiDochloi'Ous Acid. 

H OCl. 

183. I J.se sodium hypochlorite, NaOCl, or hlettching powder, 
CaCl(C)Cl). The peculiar smell of hypochlorites is due to free 


182. Kkactions. Use sodium fluoride. 

1. ^Van■ned with strong sulphuric acid, hydrofluoric acid is 
liberated and may be made to etch ghiss. Use a leaden dish 
for this experiment. If a test-tube is used a greasy appearance 
is often noticed in the tube. 

2 . Heated with strong stilphurie acid and sand, silicon 
tetrafluoritle is produced (sec preparation of silica). Oir holding 
;i iTKji.st glass rod near the mixture a deposit of silicic acid is 
seen on the rod. 

3. Calcium or barium chloride gi\-es a white precijjiiale 
of fluoride, Call, or BaFg. 

4 . Silver nitrate gives no precipitate-. 
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hi arxi, uli:. h is hDorau-'d by (be urtiois of .iimu-.- 

plH:Mic carbon dioxide gas. 

i\ < k:\ -{- („■ f h. -i - 1 i a<'j =■-- 1 1 OCl i- N a H CCX. 

RKAi'TION.S in .SOiUTKiN. 

i. When heated in .'-.(riutiun, or in the diy state, inpochlui iiei: 
are converted into chlorides and chlorates : 

’a ( )Ci sCa(:i.. + C:i(Cir),,l,. 

V.'hen tb.e :->oliuion ]>, Iseaied with a little cobalt oxide 
•'oiiiaiiitd Irr addiuon of cobali nitrate suiulion'), '■ 

cviilved, and a chloride left : 

;;r,;rn('l)v.-.=:2<.;aCb + <rX. 

3. < hi .aiding diluto hydrochloric acid, chlorine is jib; niioi. 
wliici'i in;i\ be del', ch d by .adding to a solniion of 
iodide and starcli i distinction from rhionilcs). 

'[’he acidilied sokuion has a ])0\verful bleaching' action 
on vi'gctable -coionr;-;- -litmus ap.fl indigo arc decoloiiristai. 


Chloric .Acid. 

HtK'b. 

184. b'sr potas;-.ium chlorate, KClOj,. 

IdRV Reactjon. .All chlorates give oft" oxygen on heating, 
Ifso ing chlorides, 'fhe ()\)-gen contains traces of chloririe. 
Kt'lACJ'lONS IN SOi.trTlON. 

1. i-leaied gently with strong sulphuric acid, rhlorijic 
peroxide, CKXj, is liberated, a yellowish green, explosi'o,' gas. 
Ihse only one small crystal of chlorate : 

3 K'Cl 0;^ + 2I-I .,SO,j 2K H .SO4 + KCIO,, + iiClOa + I ! .,0. 

2. Wanned with hydrochloric acid, a ini.xture of I'hlovine 
and '.dilorine peroxide is obtained : 

8 I\.C. 10 . 5 -l- 24 lld-- 6 d 0 y+ 9 ^-'l 2 d' 8 I'CCld" 1. 

Indigo solution is decolourised by this mixture. 


Carbonic Acid. 
iiaCO;,. 

185. 1)KV Kf. \ctioi\';'. Carbonates of the heavy metals give 
off carbon dioxide on heating. 



Biearboiiates \v]!en liealed alom*, i;r v.'ht.;n Ixiilt-d ni wnter, 
give otf ^va^er and carljon dioxide, l(;a\ ing caibonateh (dibiinction 
Ixitween ca.vl:)onate 3 and liicarljonates). 

Kf, ACTIONS IN SoiTHTON. Uhc a 3oluti<jn of souiuin car- 
bornMe, NaoCi).. . loHjO. 

1. Diiuie hydrochloric acid lilieratcs carbon dioxide, v, hicli 
snay be recognised by pouring t1ic gas into lime vraler, 'Ihe 
latter is turned milky. 

2 . Silver nitrate fcirms a white pi'ccijiitate of sil^■er car- 
Ironate, soluble in dilute nitric :idd or in ammoniuin iiydrate. 

3. Barium chloiTde produces a wlnii- j)reci]ntato of Ijarium 
(■arbonat(‘, soluble in dilvilK hydrcchlorii: acid. 

4. Potastsium dichroniate liberates (airbon dioxide iVoiu 
carbonates or biearbunales, but does not lilx-rate .su!])hur dioxide 
from sulpliitcs. 'The didivomato is converteil into chromate, 
w'ith change of colour. (Compare 186 . 5. 

Sulphurous Acid. 

186 . Use sodium sulphite, Na-uSO;; . 7H0O. 

Dry Rkactidn. Heated on charcoal, a sulphide is formed ; 
when the residue is placed on a silver coin and moistened with 
water, a. black .stain is produced. 

Rkactions in Solution. 

1. Dilute hydrochloric acid lilserates sulphur dioxide, which 
is recogni.sed ])y its .smell, and by reduction of potassium dichro- 
mate .solution on a strip of filler paper held in the mouth of the 
test-tube. 

2 . Barium chloride gives with strong solutions a white 
precipitate of barium sulphite, soluble in hydrochloric acid. 

3. Silver nitrate produces a white precipitate of sih-er 
sulphite, soluble in nitric acid and in ammonium hydrate. 

4. ' Chlorine water oxidi.scs sulphites to sulphnie.s, wliich 
may then Ik- examined for. 

5. Potassium dichromate does not liberate suljihur 
dioxide from sulphites, but is itself reduced to green ciiromic 
sulphate. It may be u.sed to separate sulphur ilioxide and 
.sulphuretted hydrogen from mixtures of these gnstxs with 
carbon dioxide. 
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Bicarbonates \\hf-)) hfiiU'd alone, or when Itoilod in water, 
“'ive o^^\^aler and carbon dioxide, leaving carbonate:-, (^distinction 
hc-iwcen carljnnatc.s and Iticarbonajes). 

KKArnoNS IN' Soiarnox. i-se a solution of sodium car- 
](on:itc, N'l.jCt);;. lol'b.td. 

1. i.^ihi'a; l\ydrocllloi'ic a,cid libcraics t;a,rbon dioxide, which 
fvta}’ ]h‘ rc:co,i;nisc[l l.'y ponrintf the i^as into lime water. ! he 
latter is turned milky., 

2. Silver nitrate forms a white precipitate of silver car- 
bonatt., soluble in dilute nitric acid or in ammonium liydrale, 

.p Baxinm oJalorido pj-oduces a whim precipitate of barium 
carbonate, solulde in dilute hydrochloric acid. 

4. Potassimn dicliromatti liberates carbon dioxide fi-um 
rarboiian s or biearbonates, but does not liberate sulphur dioxide 
from sulphites. Tiie dichromate is converted into chromate, 
with rhans^c of colour. Compare 186 , 5. 

Sulpburotis Acid. 

Ih^SO;.. 

18 G. U.se sodium sulphite, Na^SOg . 7H0O. 

Dry RK.-tCTlON, Heated on charcoal, a sulphide is formed ; 
when the residue is placed on a silver coin and moistened with 
water, a black stain is produced. 

Rkactioxs in Solution. 

1. Dilute bydrochloTic acid liberates sulphur dioxide, which 
is reco^fni-sed by its smell, and by reduction of potassium dichro- 
mate .solution on a strip of tiller paper held in the mouth of the 
teist-tubc. 

2. Barium cbloride gives with strong solutions a white 
precipiialc of barium sulphite, soluble in hydrochloric acid. 

3. Silver nitrate Jiroduces a vdn'te j‘)reripita.tc of silver 
sulphite, soluble in nitric acid and in ammonium hydrate. 

4. ' Qlilorine water oxidises sul])]iites to .sul[)hates, w'hich 
ma,y then be examined for. 

5. Potassium dichromate does not liberate .sulphur 
dioxide from sulphite.s, but is itself reduced to green chromic 
sul])liate. ft may be used fo separate sulphur dioxide and 
sulphuretted hydrogen from inixtnrc.s of these gases with 
carbon dioxitle. 


>1 I'i’.s— niiOSll].,PnATES. 


Sulpbvu-ic Acid, 

HoSO,,. 

187. I 'm- .-alplKiir, i\a...S('>,} . loH,/). 

i )R Y KRACI'ION, 

i ic;ui'<l on (.iinp.jKil \villi ruhinn mixture, :.i siiijihide ib jin-rluecd 
|)ivj>;ii;itii!ii i>! iiuriun; ePhtride from Isarium .sulpi-ine . 

Ha.S*.); T 4- Xa,/ '( Nu.jS + BaCt Rj-I- .'iCt » 

Hic jirodui I, jiias cd sju a ‘iilv'cr i.uin aiiti moisleised, 
a brown stain. 

RltAAJ'i'iON !N Sul.Tl'f'ION, 

BarililD chloride a hoavy while prci-ipilair; <4 hariimi 
biilpliute, iiisokiljle in acids. 

Hydi'Csuilpliiiiic Acid. 

(.Sulpliiiivtteti nydroj^cii;, H.>.S. 

188. Ri.A! 1 !( )Ns, Hsi- suiiiuni sulpliiiK;, Na^.S. 

F. Warm euiiceinnitefl hydrochloric acid lll)t‘r;!;es sui- 
phnrc'Ued hydrfipen, which blackens lead aeeialc pain,-!-, froni 
nio.sl huiphidr-s (e.xceptions, mercury, silver, arsenic:. 

a. Silver nitra.te I^ives v.ith solutions of sulphide.s a black 
precipitate of sih. er sulphide, .soluble in nitric acid. .Soliitious 
of other metallic sa.its as tliuse of copper, cadniiujji nr load. 
rna\ also be used, and suijdinretted hydrogen may be .se]')i!rateti 
in this way from mixtures with carbon dioxide. 

Tliiosulphuric Acid. 

TI.S.O;;. - ■- 

189. iJRV Rii-ACruiX. U.se sodium thiosulphate, Na-hv'f;. 

Heated on charcoal with fusion mi-xture, a .sulphide is prudtued. 

Rkaction.s in Houjtion. 

r. rdlute hyclrochloric acid deromjm.scs thitt, snip] sates, 
liberatin;..; suli>lmr dio.xide and precipitating sulphur, tCompait* 
.sulphites.) 

X fall Cl - I hp + sNaCl d- SO.j d- .S. 

2 . Barium chloride gives no precipitate. 
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Bicm'boimtas when hcaK'f! nlonc, or \\hun boiled iu w:it('r, 
X'i've oUwator and carbon diitxirk-. icaviiv^ carlsonakaj (distinction 
between carbotidtcb and bicarbonates). 

RKAtTiC'N.s kn Soi/i'TlON. Use a solution of sodium cai^ 
bonalc, ,Na .Ct>., . toHA.>. 

i. Dihiie hydrochloric acid lil)orat('s carbon dioxide, wliich 
inrsy be reco^^nisoil L'y pourinij;' the into lime water. I lie 
latter is turned milky. 

'-t. Silvi-T nitrate forms a wliite precijjiiate of silver c:ir- 
boiiafe, soluble in ililute nitric acid or in ammonium bydrale. 

3 . Barinrn tihloiido produces a white pretapiiatc of barium 
carbonate, soluble in dihiie in'drochloric :icid. 

b rotaHwiimi dichromatc', liberates earbon dioxide from 
carbonates tir bicarljoiiaii S, but dc,es not libeiati; sulphur dioxide 
from sulpliites. d'lie dichromate is converted intfj <-hrumaU', 
witl'i fhaupe of colour. Compare 18G. 5 . 

Bulphurotis Acid. 

186. Use .sodium sulphite, MaoSO., . ylloO. 

Dky Reaction. Heated on charcoal, a sulphide is formed ; 
when the re.siduc is placed on a silver coin and moistened with 
water, a black stain is produced. 

Reactions in Solution. 

I. Dilute hydrochloxio acid liberates sulphur dioxide, which 
is reco|;,nisecl by its sntell, and by reduction of potassium dichro- 
mate solution on a .slrij) of filter paper held in the mouth of the 
test-tube. 

li. Barium chloride gi\'es with strong .solutions a white 
preci})itate of barium sulphite, .soluble in hydrochloric acid. 

3 . Silver nitrate ])rncinces a white precipitate of sih’cr 
.bulphite, soluble in nitric acid and in ammonium hydrate. 

4 . Chlorine water cjxidises sul[)hitc.s to suljihates, which 
may then be examined for. 

5 . Potassium dichromate doe.s not liijcrate suljdmr 
dioxide from .sulphites, but is itself reduced to green chre^mic 
sulphate. It may be used to separate sulphur dioxitle and 
sulpilinretted hydrogiui from mixtures of th^se gases with 
carbon ilioxide. 


HlM.l-HATl'.S-^THIOSri !’f i ATKS. 

Sulphuric Acid. 

187. list; sodium sulphate, Na.j.SOj . soii.iih 

Dry RiCACTfON. 

on cliarooal with tusioii niixtinv. a. siiiphido is produi’od 
(sue preparation of barium chloride irosn bariniii sniphate;. 

BaSU.j-i- aC - 1 - Na.)C< )..= Na.j,S -f )-; + 2(.'f K,, 

1 . he |.)iuduci, |jlni-C'(l on a slU’er tahn iuul ri'iitihleuvMl, iitotiui'es 
a brown stain. 

Reaction IN Solution. 

BtiriuiO. clllorkle pitacs a heaw while precipitate ol' bariuin 
suiphate, insoluble in acids. 

Hy dr o.su j ] )] i luiu Atud . 

(Sulphuretted Hydrogen,), HjS. . 

188. Ke.-vctions. Use sodium sulphide, Nhu.S. 

1. Warm concentrated hj'di'ochlorio acid liberate.s wil~ 
phuretted hydrogen, whicli blackems lead acetate paper, from 
most sulphides (e.\ceptions, mercury, .silcer, arsenic). 

2, Silver nitrate gires with solutions of sulphides a black 
precipitate of silver sulphide, soluble in nitric acid. Solutions 
of other metallic salts, as those of copper, cadmium or lead, 
may also be used, and snlp)]mret.ted hj'cirogcn may be separated 
in this way from mi.Ytures rvith carbon (iioxiflc. 

Tliiosnlphuric Acid. 

189. Dry Reactjun. LUe sodium thiosulphate, Nii.,S,0.. . 
SH.,(). 

Heated on charcoal with fusion mixture, a sui]ihide is produced. 

Rkautio.ns in Sui.U'noN'. 

r. Dilute liydrocililoric acid de< onujo.scs tliiofiiilphatcs. 
liberating sulplmr dio.xitle and jrrccipilatiug sulijliur. i Compare 
sulpliiles.') 

Naa$,,<R !-2HCi-iU> l-aNaUl f ScU-l-.S. 

;j. Barmin chloride gives no ])re,cij)itate. 
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3. Silver nitrate in excc'sa gives white prcci])itate of 
siher thiosulphate whieh on boiling turns yclhtw, brown, and 
iititdly black lAg.jS). 

Nitrons Acid. 

HN (}.,.■ 

100. [Jin' R kactjon. Use sodium nitrite NaNCA. Heated 
on rharc'ual, uiiritcs ileilayrate. 

ki'-ACTioNs IN Solution. 

i. Itiliui; hydrochloric acid libfiates i)ro\vn fumes of 
nitrogen peroxide, together with nitric oxide. 

A crystal or a solution of feiTOXlS sulphate is tvinied 
IwAvn when added lo a solution of a nitrite, owing to the 
formaiion of the i;uui])oun<,l eFeSO,. NO. 

j. Potassium iodide is dei-ejmposed by an acidilicd solution 
of a nitrite, liljcraling iodine, which gives a blue colour with 
^starch.■^^ 

4. At idi;i(,'(.i potassium permanganate is decolourised, 
the nitrite being oxidised to nitrate. 

Nitric Acid, 

HXO... 

191. Di-iV R.lactions. Use potassium niti-ate, KNO;;. 

1. Heated on clniTcoai, nitrates dellagrute. 

2. Heated in a dry tube the nitrates of the heavy metals give 
off nirrogen jitroxidc and oxygen, and leave an oxide. The 
nitrates cif iIk; alkali metals on strongly heating give off oxygen 
and leave a nitrite, and finally an oxide.' 

Rkactions in Sol.'tanoN. 

1. Concentrated sulphuric acid added to a solution of a 
nitrate liberaies nitric arid, and on the addition of co]i]>er, 
bitjwn fumes a-vc; evolvial. 

2. ff a soiulitjn of a nitrate is mi.xcd with an equal bulk of 
ferrous sulphate solution, and I'uncentnitcd sulphuric 
acid poured carefully down the lube, so tis to form a heavy 
kgver at the botlrnn, a brown colouration is formed at the 
jiuntion of the layers, T'he brown substaiK'e has the coiii" 
position eFebt ).| . NfJ, tmd is decomjajsed on warming, liberating 
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nitrir oxide. The brown folour tlius (!i.s{-hai,j,c<l. bnliclr.s, 
bromides rmd nitritr-s interfere with tins lest. 

DETKCTION OF NiTKATFs IN I'RKSENOK OF llROIlHIsKS 
AND Iodides. 

Dissolve in the solution of Iht; nilrule ;i rrystal of |jofas.siiira 
iodide., add a little starch paste, a small quantity of dilute 
sul])l'uiric arid ami a piece of '.due. Tltc •/.inr lilienites liyilrupt-n, 
which reduces the nitrate to nitrile, and this in turn lilKsate- 
i(jdine, which produces a blue colour with llie stunit paste. 

if nitrites are already pric^ent, they muhf be reniuveti before 
api)lyin.q' Rhove test. Tliis may be done by boiling for a 
few uiinutes with ammonium chloride. 

1 Ohroniio Acid. 

diaCrO,!. ■' ■ ■ ■ 

Pemianganio Acid.. 

I-L^MnsOs. 

. The reactions of these acids will be found among those of the 

i metals, under chromium and manganese respectively (pars. 161 

■ and 165 ). 

Pliosphorio Acid. 

Hd'Cq. 

192 . Use sodium jihosphale, Nu..Mr 0 .i. 

bJRv React f ON. 

Heated on charcoal, moistened with cobalt nitraf.e and re- 
he.itcd, phosphates give a, blue mass. 

Reaction.^ in Sor.UTiON. 

1. Silver nitrate produces a c.anar}- yellow precipitate of 
silver phosphate, Ag;;I' 0 ,j, soluble in nitric acid or in ammuniuin 

'..'hydrate. ■ . 

2 . Barium chloride gi\’es a wldtc prccipitalo of barium 
phosphatt-, IkiHFO,,. s<»lublc in at'ctlc ruitl. 

3 . Ammonium molybdate ulmn adtlcd to a solution of a 
jdio^phale in ib(*' jircsmu e of ^.trong nitric a< id jiroduct's a* 
yellow precipitmc uf. amnionimn phosphonrdybdate either ;tt 

‘ once or on very geMfy warruimp i(‘oaip.'U’e atsciintes, 156. j 


VkACTlt:AL CliE^lLSTRV. 


4. Magnesia mixtxire forms a wliite preciiiitafe of rirag- 

nosiurn a-irunoniuin pliuspbatc, MgNi l,il’0,i . soluble in 

acids. ('{Jonipare arsenates, 156.) 

5. Ferric chloride gives a yellowish white preciifilalc of 

ferric pl'ii!S])lia.ti;, solul)le in e-Kcess of ferric chloride, 

iiisolubic in acetic add. If the hydro< hloric a,cid jiroduced in 
the rc;tction is removed (by addition of sodium acetate) all the 
iron is precipitated. 

Arsenious Acid.- 
Arsenic Acid. 

Il;As0.i. 

The reactions of these two acids will be found among those 
of the metals (par. 156). 

Boiic Acid. 

MdU),,. 

193. Dry Rf, actions. Use borax, loH.p. 

I. borates when lieated swell up, fuse, aiid leave a transparent 
mass ’which, when moistened with cobalt nitrate and reheated, 
gives a blue colour. 

l-lace a little of tlie borate in a ])orceIain dish, .add a few^ 
dro]->s of strong snlpliiiric acid and a little meth3rla.ted 
spirit, stir and apply a flame to the mixture. A green flame 
is ohlained. 

3, I’he .'tlxwe test is belter carried out by heating a small 
([iiantity of tire borate, mixed witli calcium fluoride and 
potassium hydrogen .sulphate and made into a stilt paste with, 
water, on a platinum wire. Boron fluoride is liberated, wliich 
colours the flame green. 

Ca F, . + a K 1 1 S f).! =- Ca SO,i + K.>S O., + 21 1 F. 

\U I, + 6 H, F =■ 31 1 .0 f 2 B F;. . 

4. Boric acid (liVK.irated from a borate by addition of an aeid) 
gives a brown .slain on turmeric paper. The .stain becomes 
grc<;ni.sh black on addition of an .-flkali. 

RKAf.TION- JN SOl.UTION. 

Silver nitrate gives a white precipitate of inetaborate, 
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Ki)ini)ii.! in ainnKmiun! hydraU'. and in niirir and. On liMiliiy^, 
the precipitate turns brown and tinally black owing to rnlu' lion. 

Silicic Acid. 

HaSiO,;. 

194. Dry Ri£.a.ct{ONS. Use sodium silicate, Na.,SiO,,. 

{. Heated on charcoal, moistened Aviih cobalt nitnitc .msi 
reheated, silica and silicates give a blue mass on fir-ion (rutn- 
pare aluminium, 162, r). 

Mixed with a fluoride and heated with com cntraUsS 
SulphlU'ic acid, silicon tetralluoride is produciHl (’sec thioride-, 
182, 2 ), "I'lii-s test must not be carried out in a glass cessel. 

p I leatcd in a Ulicrooosinic bead, silii a dof’.s not dissolve, 
and silicates only very slowly. 

■j. Heated with sodium carbonate, soluble silicates art- 
prod uced. 

Reactions in Solution. Use soluble glass, Na.SiO;,. 

I. Hydrochloric acid liberates the silicic acid, whidi 
remains in solution in a colloidal state. On tn aporalion to dry- 
ness, insoluble silica is produced. 

3 . Ammonium carbonate gives a precipitate of silicic 
acid on boiling, ammonia being evolved, 

3 , Silver nitrate produces orange-roloured sih-er silicate, 
AgoSiOjj, which is soluble in amrnoniiun hydrate and nitric 
acid. 

Hydrogen Peroxide. 

H.Oa. 

195. Reaction.s. 

1. Hydrogen peroxide decomposes on heating, especially in 
})rescnce of alkalies, o.xygen being c\f)l\cd. 

2 . To a solution of hj'dntgen ])erf».\iile (nr sodium pcro.side 
tlissolved in water, using proper jjrcctintions) add dilute sul- 
phuric acid, a little ether, and one (tr two drop.s of potassium 
dichromate solution, :ind shake, A deep blue cohnir is gi\en 
to the layer of eilier, 

3 . Potassium iodide added to an acitlified s«»litiion of the 
IJeroxide yields iodine. 


l,’S PRACTICAL CIlEMlS'rrCC. 

4 . Potassmm permanganate, aciditieci with .sulphuric 
.'u iii, is aL uiU'c decolourised by hyrlro.c-n ])eroxicle, oxyyen 
hein:* evobed from both substances. 

Metallic Oxides and Hj^droxides. 

196. 'Hie oxides of heavy metals are practically insolul.de in 
v.aUT, and are variously coloured. Tlio.se of :dnc and aiuuiiniuin 
are •.olourhxss, zinc oxide becoming yellow on healing. Most of 
tlmui dissolve readily in hydrochloric acid. 

The oxides of the alkaline earth metals are colourless, and 
unite with water, with evolution of heat, to form soluble hydro- 
xides, rhe solutions, having an alkaline reaction. .Magnesium 
oxide doe- not combine with water, but is \ery sparingly Noluble, 
anti iaivttly aikaliiie in reaction. 

(.ixide.s (jf the alkali metals also unile with water, willi evolu- 
tion of hf.xu, forming the caustic alkali hydroxides, '{'he.se in 
the. iiolid fortii are derK{uescent, jtnd altsorb carbon dioxide from 

Hydrf)xicles of heavy metals give up water on heating, arid in 
general leave anhydrous oxides. 

I’erijixidcs of the heavy metals iti general evolve a portion of 
tlic oxygen on liealing alone, or with sulplmric acid, and liberate 
chlorine wlicri heated with strong hydrochloric at'id, r<‘d 
lead, manganese dioxide. 

01<.GAN.IC ACIDS. 

The reactions of some of the commoner organic acids will lie 
found in I-’art 1. B. See Index. 

Hydrocyanic Acid. 
fICN. 

197. Cyanides of the alkali metal.s arc retidily .solubh' in 
watto-, those of the alkaline earths sparingly solnble, the s(,ilu- 
tions bidng alkaline in reaction. Tliose of die Imaiy metals, 
oM.ejit mercuric cyanide, Hg(CN'.o, are insoluble in water, 
but generally soluble in solution oi' jjoiassium cyanide. Most 
r\anuh> are decomposed by diluj<> a<'id.-j, evolving hydrocyanic 
acid. 
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When hcHlcHi akme, most heioy iiH'lal ionnidt's dee<nnpos<A 
evolving the {Mjisouuus, coinliuslihle cvaiio^en p.ss. 'I'lit; alk,ili 
cyanides fuse on healing, :nul oxidise in air lo ryanates. 
Heated with suiphur, potassium eyanide forms thioi y.inale. 
KSCN, which produces a blood-red colour \ddi ferric cliioride. 
Hence the use of potassium cyanide as a ixthuing ageui, for 
oxides and sulphides. 

Reactions in Solution. Use a siduiion of pota •.•'ium 
ryanide. 

I. Silver nitrate gives a uldte t urdy pn;t ipitale ot sihu 
cyanide, AgCy, which dissnUts until one nioiecnh' of nlo'! 
nitrate has been rnkled f<jr I'ai h two niolrcules of potas-iim) 
cyanide, forming 1 lie compuiuid AgUy.KtA. 'Flu- adthtiou <>f 
more AgNOg produces a pennauciil pi'ccipiiaie of Agty, whiih 
greatly reisembles AgC'l, living hfiluble in .XnU )il, .Na.gSgOg, etc,, 
and insoluble, in dilute .HNO..,. To distinguish and .sepanite 
silver cyanide from the halide salts, ignite tin; dry jnccipiiale ; 
the cyanide decomposes, leaving metallic silver, wdiicli maybe 
dissolved by strong HNO,,; the halide salts fuse vvidmul 
decomposition, and AgUl may then be extracted with strong 
AmOli. 

a. Free HCN, liberated from KCN with a little dilute add in 
a small beaker, decomposes yellow ammonium sulphide 
placed on the bottom of a w'atch-glass over the beaker, forming 
thiocyanate. 

Anu.S.g-hHCN -Am.SCN +AmHS. 

Thi.s, wlicn acidified with 1 1 Cl to decompose Uie hydro- >• 
sulphide, gives a deep-red colour with FeCl,. Thi.s i.s a very 
delicate test for hydrocyanic acid. 

3 . To ibe solution of cya.niiie add a luivture of FeSdj and 
Fed;, solutions, and acidify with HCl lo dissolve hydroxides of 
iron. A deep-blue precipitate, or a blue or green coioumtion nl 
Prussian blue, is ol.)taim-d. -’See Fernnw'anic .Acid, 199.; 

Thiocyanic Acid. 

11. SUN. 

198. Rkaciton.s IN' Solution. Use a solution of }iotas»iuin 
or ainmoniuiu thiocyanate. 


140 PUAr-'nCAL rnr.-MlSTRV. 

1. Silver nitrate jjmduro.s a ’.vliile curdy preripitafC' of 
.silver thiocyanate, Ai^SCN, insoluble in dilute acids, soluble 
in A:mOH. 

:u Oopjjer sulphate, to which suljvhurous acid has Iveen 
foni'i.s a, white prc-i. ipiiati.’: of cujirous thiocyantitc, 
Cu.jt'SCNj.j. On ignition this leaves cuproius sulphide, Cu^S, tincl 
is einplov’i-d as a metins of e.stimating copper. 

j. Ferric chloride solution yiv es a deep-red colouration, 
owing to the formation t)f the soluble ferric tliiocyauate, 
Fe(SCi\;;.. Ferrous salts give, no colour. 

Hydroferroej’anio Acid. 

ItiFeCy,;. 

199 . I -so jiota.s.sium ff;rro('ya.nide, KiFeCy,;. 

DR's K1-;,\{T]<.)N:-.. 

!. Heated ahme, put.assium fem.'Cyanide deroinposcs into 
cy.'inidc, nitrogcai and a carbide of inm : 

K ;Fe( 'y,;-.=-4KCy-f .hfe f FcCdor Fe -]■ 2C). 

2 . Ileatefi with <'onc<‘)nnit<>d sulphuric acid, carbon monoxide 
is evolved (see preparation of thi.s, 35 , 3). 

RK,'u;T!u\S in Sot.UTlON. 

1. Silver nitrate precipitate.s white silver ferrocyanido, 
Aj.;,l'ct. 'y,;, instiluble in dilute acids or AmOIl, soluble In potas- 
.■sium,'Cy.aaide. ' 'C 

2. Copper sulphate produces a brown (CuK:,FeCyii'i or 
chocolate. (CuoFeCy,-,) ])recipitale, according to the proportions 
employed. 

3. Peri’OUS salts give a white ]n'eci|)!t;Lte of potassium ferrous 
ferrocyanidc, which is quickly oxidised to the blue ferric salt : 

3 l-'eSH } + 2 K.}Fct‘y,; -- Fe , KofFeCy,;),. -f 3KyS O4 . 

Owing lb this oxidation the usual ])redpit;d:c is of a, light-blue 
ctjlour. 

4. B’erric salts give a dark-blue precipitate of rru.s,sian 
blue, ferrii; ferroryauildc, 

4Fc_Ad4-l-3K,5Kc(’y,. — Keji'FeCy, - 1 - i 2 KCk 

These precipitates are insoluble in dilute acid-s, but are 
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(leconi]ios<.'cl In- caii-tk- aikalics, Ibrniiis- the alkali fenerxaniiie 
and ferrous or ferric hydroxide. 

'yjj -r o K ( ) H =-- 2 K,j h'eCy,, + ) [ ] , 

Fe4(FeCy^)3+ 12KOI I -3K.iFe(:y,i A4Fe(On;“. 

HydrofeiTicyaijic Acid. 

IDFeCy,,. 

200 . Ki’.actions IN Solution. I, be puia.ssimn fernr\;;ui(:( , 
Fdo'Fyc- 

!. Silver nitrate precipitatOi; oranRC-coloured silver fi'i-!-! 
cyanide. Ag...FcCy,;, insoluble in dilitie H N< >,,, soluitlo in AmoH 
or KCy solution. 

2. F'arvous salts give a dark-bine precijjitale ofi.runys 
ferricyanide (Turnbuil’.s blue). 

3 FeSO,, + 2K;5FeCy,j-:= Fc;.(FeCy„)i, -i" ) . . 

'rhis is insoluble in water t)r dilnle acids, but is do oiuixc-ed 
by cau.stic alkalies, into alkali forricyanide and ferrous ]i\dr<isidc. 

Imf,/ F eCy,.)^ dF;iK43H 2 K;.FeCy() -i- 3Ff>.(0 11 )« . 

'fhe ferricytmide rapidly chnnge.s to ferrocyanidc, wliile djc 
iron liydro-xide is oxidised. 

3. ■F’erric salts give only a lirown colouration. 
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201. Table of SolalHlities. 

I = Soluble in water. 

3 =• Sparingly solul ile in water : soluble in dilute acids. 


< '1 1 

br - I 

I - ■ . i 

Id - 1 

{ ‘],,t ^ •• - 

<-'bO„ ■ 

CX - 
{ Ifu* - - 
Cfj‘ - 
- 

s . - . 

so, - ■ 
so, - - 

S.A ■ ■ 

CO, - - 
SiO,- - 

b'yO, - 
NyOf, - 

T/>;r ■ 
As,(\ - 
As/), ■ 

ibO, • - 

CrO.j - - 
Mn./)- - 

(C/),) - ■ I 
(C4n4f/) . I 


Li 

N!!i 

Mj: 

Cci 

Sr 

i l!a 
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Fe 
ic ' 
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I 

I 
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1 
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1 
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! 

I 

1 

I 4 
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4 
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1 3 

I 
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All lyvpueiilfiriU'K are snluble in walt-r. 
All rliioralcs iuu , soluble in water. 


1 

1 


2 

4 

-- 

3 

I 

j 

I 


4 

4 


I 

I 

_ 

„ 

4 

I 


3 

2. 

2 

I 

.3 

3 

3 

I 

I 

1 

t 

3 

3 

3 

I 

1 

I 

4 

I 

4 

I 

c' 

5 

2 

I 

I 

All other 

I j I 

I i I 

3 

3 

3 

2 

All other ca 


All other silicates solubility 3. 

All nitrites soluble in water. 

All nitnates solnbie in water, \ 
All other phosphates .soluble in 
All other ai.senites soluble in ; 
All other arsenates soluble in 
All other I lorai es soluble in', 

S 1 3 I " i A i 3 I ~ j I 

All other permanganates are solulrle in water. 
All acetates soluble in water. 

I i All other oxalates solubility 2. 

:i2l2|2ii|iil|li2 


t Koadily .solulfle in hot water. 

“Defotnpo.sed by water into basic compouttds of solubility 3. 
S.SoluMe only in aijua regia. 



N'H.rBn itiks. 


Insululiu- in Milnblo in aoids. 

iii.-nliihir in Uiu-T ; d.itTK'ultly .soliibk- in ru:iils. 
Insfiluble in \valt-r or .'tri<ls. 


soluble in acids, 


o liability 3, 


i M ydroforro- and In'droferricyanic acids, 

■’i’V, Al, I’h, <Ju .lii'io ibun basic acetates, solubility 2. 
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A ME'rriOI) (JF ANALYSIS. 

203. Preliminary Examination. 

'I’lie siii-^xinre slioulcl be carefully deacribed before ]>roca>ed- 
ing with the tests. ■ 


lvXly-:)?IAH!NT. 


OnSEKVATION. 


Jneerfnce. 


Fusion 


A Cdloiirless liquid 
condenses in (he cooler 
portions of the lube 
The liquid is alka- 
line 

The liquid is acid 

A gas is evoK^ed : 
oxygen 

ammonia ‘ 
sulphur dioxide 

sulphuretted hy- 
drogen 

nitrogen peroxide 
(brown) 

bromine (lirown) 


NH 


chlorine 


iodine 

carlion liioxide 


:y.anogt;n 


Salts ()| die ;i!k^di^;s 
and Some salts oi Pa, 
.Sr, and ( ,'ii. Also .-alls 
eoniainiiig walei of 
cry.stalli.sation. 

Sails conlaining water 
of civstallLatinn.' 


Acid salts. 


Some oxides; nit- 
rates, chloiates, etc. 

NHi._ 

Sulpliitesor .sulphates 
of heavy metals. 

Some sulpliide.s in 
presence of water. 

Nitrate.s of heavy 
metals. 

Bromides, in presence 
of oxidising agents. 

Chlorides, etc., .some 
chlorate.s and liyj>n- 
chlurite.s. 

Iodides or free iodine 

Carbonates of lienvy 
met a Is, I lica 1 1 lona les, 
oxalates, etc. 

Some cyanides. 


lieat a little of t lie 
substance in a drv 
tube 


PRKIJM l>iAiiV EXAMINATION. 


Exi-ekiment. 


i OlSSEKVA'l’roN. 


wliiic, vvidi irrital- 
iii:^ futno.s 
yellow 

3 'ol!.'nv (which 
Hsehs on heai- 
inij) 

mirror 

(siimll heads) 


Ihe rosiiiue is 
white, iiilnsible 

while, yellow hot 
Vf-llow, fusil lie, 
i'Ktldish lirown 
hot 

rcdi.iiwii r.»rovvn, 
hlu.ck hot 
brown 
!)kck 
chiirred 


iWf KWENCE. 


Oxalic acid. 


Heat a little of the 
substance' on char- 
coal in the blowpipe 
flame. 


I )ecrepitriti(,)n 
Defliigration 


A head of mela.1 is 
produced : 

greyish white, 
malleable, soft, 
marks jiapcr 
wlijLc (red tinge), 
brittle 
white, liard 

An incrustation is 
formed : 
white 

white (fumes with 
garlic odour) 
wliile, yellow hrsl 
ycllow' 


ASyS.;, Ilgin ( I'f fl 

when rtd.ibefi). * 
hrei; S, or fr-. >511 thio- 
suiph.ates or siilpliidee. 


Ba, Sr, Ca, Kn, Al, 
Mg, etc. 

ZnO. 

id>f ►, iti.))... 


MiijjOj, 

CuO, Co/).., NiO. 
Organic iitiUior. 


NaCl, ]di(N(.),d., etc. 
Nitrates, nitrite!, 
ch!orate.s. 


Sb, NIL 
As. 


. 


y. V, c. 


K 
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Exi'ERiSIENT. 

OliSEKV.VnON. 


InP’KRI- 

:nce. 


The residue is 





fu.sible 


Salts of alkalies, etc. 


white, infusihle i 

i\Ig, Ba,,Sr,Ca,Zn,.i\l. 


coloured 


Cuj h'e, Cr, C’o, Ni, 




etc. 


If the residue is 

1 blue ina.ss 


A1 {jrossibly plios- 

while, ujuislon willi 



nhates, silicates, etc.). 

a few (iroj)s of 

jTreen nias.s 


Zu. 


CofXCJ.,).. anil re- 

pink muss (difii- 

Mg. 


heal. 

cult) 




Heat a little of the 

'I'lie flame is 




sithst.anci' oit pla- 

l;iri«lit, yellow 


Na. . 


linum wire. 

lambent Irlue 


Pb, Cu, Sb, As, Bi, 




Cd, Zn. 



green. 


Cu, ICt 

Ba. 


dull red 


[ Cti. 



crimson 


i Sr, Li. 



lilac 


1 K. , 



1. OUSERVATIO.N. 

iNl'ERli.NCE, 

If the residue on 

The bead is in the 



charcoal is not while, 

0-vuftsmr flame 

Rcducin'r fiamc 


heat, a little of the 

reddisli i.rrown 

colourless 

Mn. 

siihstance in a borax 

reddish Itrown 

grey I 

Ni. 


greenish blue 

red • i 

(hi. 


yellow, red i 

yellow (hot) 

Fe. 


when hot j 

bottle-green 





(cold) 1 



green . 1 

(, green , , 

Cr. 


blue 

blue 

Co. 

(.Irind a little of 

Ammtmia i.s evolved 


XI 1.1. 

the .substance in a 





nioilur with soda 





lime. 





.. 


. . . ; ■ " ; 


■■■■:•■ ■ . . . 




i'lXAL EXAMINATION FOR IIASIC RADiu'AlA. 

20o. Preparation of a solution. 

(!i the substance is a liquid it; should be examined hv 
tcsuuj;- s\ itli_ litmus, ((-y) evaporating, a little to drv^K-ss in' 
^^■nethel• solids are present, heating the rosiduf, if »,-• i, 

see \\ nether organic substances are present.)' “ ’ ' 

Take a .v-v.vny quantity of the .substance, add tral.-. t,, 
bOiJ. ■ ■ 

If the substance is soluble in water, note its anion on 

and proceed with the separation into groups. 

If it does mat dissolve, test, the liquid with litmus papn ■ : 
alkaline or ncid, a portion has dissolved. : ; If neutral to litmus 
iiltei- a lew drops and tnaporatc to see whetiu'r a -Mrl lia^ 
dissolved. Now add a liulc dilute hydrochloric a.'id' }>. tp, 
sul..stanoe and boil for a fv^v nunules. If a residue is kdi. l>o';; 

further, add more wauT anr! boil again. 

11 tne substance is found to be insoluble in dilute livdnM’hlori. 
acid, boi]_ a tresh ciuantity with strong hydrochloric arid f,,i 
se\eral minutes, add water and boil. 

11 not entirely siahibic, boil another portion with aqua rr-gia 
evaporate nearly to dryness, add a little strong hydoochloric 
m id and eviqiojate to a -.mall bulk to remove nitiic at id. 
Dilute with water. 

If yet some or all rem.ains undissolvod, warm a little with 
nitiic acid, and it solulile add liydrochloric acid. A wliite jjie- 
cipitaie, if tnrmed, sboulfl he tested for the siher group and the 
liydrochloric arid (or aqua regia; solution proceeded with for 
the otlier grnujj.s. 

If insoluble after the above treatment, examine bv the rneiluid 
for insolubles, par. 214. 

In many- ca.ses it will !>e ad\ant;igeou.s to treat the water or 
hytlrociilonc acid extract separately from that obtained b\- aqua 
legia, as the miniber of substances in.snhible in hvilror-ljlftric 
acid but soluble in .-iqiia regi.a is very limited, antfliiose mav 










205. Beparatiou of the Metals of the Silvex" G-roup. 

Wash the precipitate with cold water; then pour on boiling- water, collcctin^f the hot tillrate. 




KCN till colourle; 
and pass ILS ; 3'ello' 
precipitate. 


















UASIC RADICALS 










211. Separation of the Metals of the Sodiimi Group, 
Divide the solution into ttvo pjtrts. 




212, PrelimiiiaryEiXaminatioii for Acid Radicals, 


Effervo-scenct; 
evcilved) : 

CO.J (tesU,‘({ willi 
lime water) 

SO., 

SO.J and S precipi- 
tated 
■ H^S ;■■ ■ 
red fumes 
chlorine 

ncN 


Sulphites. 

Thiosulphates, 

Sulphides. 

Nitrites. 

Hypochlorite.'-;. 

Cvimiilc.s. 


Acid fumes {tesif for 
IICl by adding ,M n( b) : 
odour of ucctio acid 


Lliiurutes 111 jirc.sence 
of an oxidi.diij; ayent. 

Carbonates, oKishu es, 
etc. 

Oxalatirs, formates, 
fervocyanide.s, etc. 

Ciiiorulfs in presence 
of chromalc.s. 

Nitriles or bromides. 

Nitrates in pre.sence 
of chlorides. 


chromyi chloride 
(red) 

red fumes 

red fume.s in pie- 
sence of cliiorine 
(bleaches) 

violet fumes iodine or iodide.s. 

crackling in lube, Chlorate.s. 

and greeni.sh 

yellow gas 

SO., .Sulphites or sub- 

stances which reduce 
the lI.,SO,i. 

HaS Sulphides or reducing 

agents. 

S Reduction of II„S04. 

charring, with Tart vat e.s, etc. 

evolution of SO., 
and COji 

greasy appearance Fluorides, 

in the tube 


AC'11> RADICAT.S. 


Jiy ihese ]>reliniinavy for acids, many liavc hoesi dcinfm Iv 
sliDwn to be' fitlier i>rc‘.-a'ni or absent. J^'lnisplialos ha\f incn 
tested for in the separation of the metahs into groups, arid tin 
presence or aijsence of otlu-r acids is shown by the tnet.'ii'i titiiml. 
and the soki!.)iliiy of the sulislance b;, a siiiphale ciuinot l.r- 
presmit in a suhstant'e uhich i.s soluble in water or a.i'ais, if 
bariinn bo present). A final CNamination for acids itiiira no-a 
be made. 

213. Final Bxamina,tion for Acid Eatliotds. 

Prepare a uenirai solution. of tlie substance, which wifi cont.iir 
tin* a<'ids i!s soluble salts of sodimn, as follows : — IJoil a iitt’ie ui' 
the sul)Htatn-e for .-^ceeral minnles with a strong solriiion ni 
'lodiiim earbmiate, tiller, and ventra!isc (he filtrate Lw' addie,;. 
IIN* b in slight e.xcess, boiling to ex]>el CO._,, then adding .\nu dl 
in \'er\ slight exeess, and boiling until (piitc neutral. 


'I'll a poitioii jwei'ipitate is 

this .solution add ohtaiiicf! which is in- 
AgiMt.);.. sola I lie in llNO^and 

white (.sol. in 

pale vollow (sol. in 

yellow (insol, in 

orange vellow (sol. 
in' Nil, pH) 


HCl, liJ-XrXho 

MPK. 

HBr. 


IL,Fe(CK),., 


The precipitate is 
soluble in HNOg, 
and is 


black 

yellow 

urange 

hrown 

chocolate 

red 


HKO.^. ,n.,S(b, 
H.,(:or., I’i .BO.,. 
US, ' 

TfA.O'.'.. 

llijAsO;. 

,Th.erfh, 




In nu'jsl ruses the preparation of a neutral solution is a waste 
of time, and the AgNG;. and BaCh reaGtions may be carried out 
in nitric acid and hydrochloric acid solutions respectiveljc It 
will be. sc-rn from the previous table that substances other than 
tliose precipitated by the reagents in acid solutions, have already 
hetm tested for in the preliminary examination for arids or 
separation rtf metals, or need confirmation by tests which alone 
e.stahlish their presence. Hence, unless the metals present 
interfere with the detection of certain acids, it is best to omit 
tlie prejrara tion of this neutral solution. 

The student .should now write down a list of acids still to bo 
tested for or confirmed, c.gc HNO3, H^BO^ etc., and take each 
separately. For HNO;., this in presence of HBr or HNO^, 
H F, and HCl, HBr, HI together, confirmatory tests 
will be found among the reactions of these acids. 

The jiroperties of the suijstance should now be compared 
with those of the possible compounds of the bases and acids 
fcnind. It may thus be possible to decide not only the radicals, 
ljut the fxmipounds themselves which are present in the given 
substance. 


214, Treatment of the Insoluble Portion. 

The insolulile .substances include the following ; SiC)^ and 
silicates, BaS04, SrSO,*, AgCl, AgBr, Agl, .SnOo, Sb,,0,, A.s^S;;, 
CalA, and Fe^O;., Cr^O.,, ALO;j after intense ignition. Wash the 
insoluble residue well with hot water. 

If the original substance ha.s beem treated with aqua n^gia, 
any silver bromide or iodide will now be changed to clfioride ; 


PRACTICAL CH KAHSTRY. 


To iuioliier portion 
:4(]d haCl., 


The precijiilaU; is 
insoluble in HCl, ami 
is. 

white , 


i-I..SCh, HF. 


'rFjBo., hJa.so;;; 
i-LAsO,i, li.iSii'h, 
IIoSO.., IT., CO... 
H./ALb: 


The precipitate i.s 
soluble in HCl, and is 
white 


3 !ello\v 



Ar'llJ ]?ADiCAT.S. 


tlii-rc-ibre if i!k; be waslicd with ;mtmoniu ibi^ ^^iil in- 

iViiKived and may be rejifecipilau.'d by uitri<- acid. 

i1 silver i~i lound, lake a little of the orii>inai snbstaiu e. add 
li.jSO, and zinc, and leave in contact with the suhbtance for :’o 
minutes. 'Fkc siber will have been replaced by zinc, and the 
soluble zinc salts may now bt; tested Rjr cliloride, bromide and 
iodide. 

Having remnwcl the silver, fuse the residm* on jilatinum foil 
with fusion uiiMurc, and boil the iiroducl with water, idiu 
and wash well. 


/vVov/.w. ALiy contain Fmt 
(hmwnt, Hatkh;;, SiCt);., 
and any niialtered SnO.,, 
(a id., etc. boil with 
HCh 


Nesidnf : 

uSflh/fjot! ; 

I"'*' 

Brown, 

Examine 


Fe„0.,. 

for Ba and 

Smai.i, i’AIO-. 

Confirm by 

Sr. 

Test for H.iSO,. 

liomx bead. 


Te.st for silica and 
.silicates by lie.-u - 
ing a small por- 
tion of the in- 
soluble re.sidiie 
in microcosmic 
bead or bv CaF., 
and ILjSO,!. 

(See tests for 
silicate.s. ) 


Soia.'ioH : M;iy contain silicale. aiiiinin 
ate, Hiioiaate tycllow't, siaiinatc, 
antimonate, ar.-enate, siilpliate, anil 
Ihioiidci o1 sodium in :)fldjlion to tiie 
jN’ai.Cti;. niul K.t'tt, of du: fusi.in 
mistare. Hixide into a laree and a 


[.AHiiii tWrir. 

Esaniinc for tnctals 
by separation into 
groups, etc., re- 
moving the silica 
by l.•vaJ -.oration to 
dryness alter llie 
rentnval of tlii; 
coiipcr group. 


Detection of Organic Acids. 

215. If these arc jtresent they must be specially examined for, 
in ;i solntion containing only the salts of :ilkali meltils. To 
prepare thi.s, boil the original substance with .sodium earlHinttte, 
to jtrecipitate heavy metals. In some ca.scs tlic metal is n<jt 
])recipitutecl com]iletcly in this way, c-c. Hg in presence of 
cyamidcs, Sb in tartar euietir, Fe, etc., in presence, of tartrates or 
citrates. In .such ctise.s the liquid must he saturated with ILS, 
in addition to the treatment with sudintii carbftnale, ami then 



214. Treatment of the Insoluble Portion. 

I’lse insoluble .subslances include the lollonini;' ; .SiO;_, and 
vilic.ttcs, liaSO^, SrSO|, AgCl, A;^!, Snf )_., Sbd),, As.^.S,,. 

CaK.v, :ind Fe^O.,, ClvOjj, A1.X>^ afiei inien.se i^nilion. W'rihli iht' 
residue well with hot waior. 

if the origimil suhiitanee luis been Ireated with aqua regia, 
any silver bromide or iodide will non be changed to chloriile ; 


The precipitate 
soiiihie in IICl!, find 
white 


yellow 


M Fdq, H..S..O, 
'll ..BO.-., H.aisO'.; 
i-!..Aso,. n.,sin;; 
n',,so.;,' iLco.,. " 

H.iOrd-b. 


PRACTICAL Cl I LAI LSTR V. 


Tii.nintiter portion 
add BuCI., 


The prccipitiUc is 
jnsohihle in IICl, anti 
is 

white 


II. AO,, IIF. 


In mosica-ses the ])reparation f>i'a neutral .solution i.s a wa,st,r 
of lime, and the AgNO;, and BaCl, reactions may be carried out 
in nitric add and hydrochlorii' adtl ssdutions !-e.s])ociivel)'. k 
will iie seen from the previous tabh' th;it siibsbmces other than 
those i)ref'i)>ilHted by the rcageuis in arid solutions, Inue ;dre;id>' 
been tested for in the preliinin.ary examintition for acitls or 
se)'arat,ion of metals, or need <:ontirin;iti<in by tests which .alone 
e-.t.ihlisli their presence. Hence, nnles,s the nietahs present 
irsterfere with the detection of certain acids, it is host tt.> omit 
i.he jHeparation of this neutral .sijlution. 

'I’lic .'Student should now write down a list of acid.s still to bo 
te;ited iisr or confirmed, HNO,,, Id.jMC.. etc:., rind Itike (-.acii 
sejjarately.- For HNOjj, this in pircsence of H Br or HXCL, 
H..}Si.>,, IIP', and HCl, HBr, HI together, eonfinnutm'v tests 
will h<- found among the reactions of these adds. 

The pioperties of the substance .should now' be compai’cd 
with those of the possible compounds of tiic bases and acids 
fouml. It may thus be possiltlc lo decide not only the nidicals, 
bni the compounds themselves which an- present in the gi\-en 
.substance. 







KADic 'Al.S. 


tiu' rt-siihif un plaliiiiirii Inil 
pi-Ktlijd with water. Mlfi r. 


•(iiitaiid-i.y p I .V, : AI:i\ r'-niain Alii jir, aliiuiiu- 
O.j, SrC.*"'.., I .Cc. rhi(i!ii;d>* l3vllovi’). Miumali-, 
ilereij SiiOj, uiiliiiiiisiMte. aiseiiatc, snljihiite, aiid 
ilui! with fluoriiJe of sodium in adtiirioii to (lic 

N'liAJJ.j jiiid KA*U..:j ':t)f the ftisioji 

_ , inixlni’i,;. Ldvitle into ji large; aiid a 

small portion. 

ExamiiK' 

i'orBaaiid S'uAi.r. Pari, 

T«;St foi ]I„.SOj. 

I'cn). fr>r silica and 
.-.ilicales by licat- 
ing a sniail jjnr- 
tion of the in- 
soiiililo residue 
in microco&mic 
itead <ir byt’aK. 
and JLSO..' 

(See ' tests ■ J"or 
silicates. ) 


Hr< uvn. 

Coniirm by 
liorax he.id 


LaIJUI--, J?A1iT, 

Examine for metals 
I.)}- separation into 
groupK, etc., re- 
moving the silica 
1 ly e\’ai ■oratirm to 
dryness after the 
removal of tlsc 
copper group. 


Deteo,tion of Organic Acids. 

215 . li these are j'lreseiit they nmst Ik .sfu'-eialiy ex.aiiiint'ij lor, 
in a sidiition containing only the wills <if alkali mtdtils. To 
pn;pan; this, br)ii the oripinai substance with .sodium carbouafe, 
to precipiltite heavy inetttis. In some rahos ilic* tm lal is tiot 
pr<-eipii;jt(.d Cl 'iiijdctely ill this .'.e, [j._, jj-j pi'c-ence ctf 

cyaniile.s, .Sb in tarlar emelit , Fe, ett-., in prfssenre of taisraU'S tjr 





i6o PRAC.’TI(-AI„ CIlFAilSTRV. 


iilteivd. TIil- nUrait* is tlaai nauierc'd tK-iiiral 1)y addiii-^- fiNC.')., 
in excess, boilin';' to ex]Kd C( b and J !.,S, niaklni.; s!i;^jtt]y 

alkaline with Ani()l!, and finally bnilm.^^ till quite neutral 

216. Calcium Gliioride Group. 

Ti> a |(ortinn of tlu^ neutral solution adi! acetic acid, and cool 


well A |ireci])iTa1e 
nrodiured, if KX'O,; 
To the iiltratc add C, 

An inunediaie white 
pi lid pi late of cal- 
cium oxulale in- 
dicates : 

Oxalic acicL 
t 'onfiiu! by pkieing the 
precipitate in diinte 
sulphuric add, 
warm ins;: Isi '/o\ and 
adding' a. solution of 
KMidAj drop (jy 
drop. This is <k- 
colouriseil by tlx- 
alio acid. 


of potassium hydro'p.n 
was employed instead c 
•)CL solution in excess. 

Tn tin; filtrate add 
AniOIi in slight 
excess, cool, shake 
well and allow to 
stand for 1 5 minutes. 

A wliitc crystalline 
preeipitiue of calduin 
lartiate .sepiiiates. 
Coutirni by warinius 
a port it m of precipi- 
tate witli and 

a, suiail tjuanlily of 
i)yroqn!!n!. Vuilet 

coltHiralion indicates 
Tarfcaiic acid. 
Clonfirm also by the 
reiiuction of am- ; 
moniacal silver solu- 
tion. 


i tartrate may’ be 
f Na.CO.. Filler. 


To the fiit.rate add 
niofe calcium ddu- 
ride if the oilier 
acids have liecn 
found, and boil to 
a small hulk : a 
white I'MWipilate 
gradually formiiyq 
indicates 

Citric acid, 
Couliiin I'.y warni- 
iriq the yu'ei ipilate. 
will) s1n)nL*:iI..SO.i, 
(’itriraciilis slowly 
chang'd. 


Formic and Acetic Acids. 

217. To anotlier portion of the nciund .solution add a little 
ferric chloride solution. Formic and a<-etlc acids both qive n 
brown colouration in the cold, and on boiling, a brown pre- 
cipitate of basic iron salt. 

Curitirni formic aeifl by ^ 

(a) I'hc jm'liminary test with Ih,.SO,(. 

(/>) T’he reduction of llgt.'l,,, 

(<) The reduction of Ag'NC).,. 

Confiriri acetic acid l:iy 

(a) 'i’hc preliminary tes^ with H2SO4, 

(f) The formation of otliyl acetate. 



ACID RADICALS. 


DETW-TION OF COMi'LKX CVAXOGEX ACIis; 


218. Stifh ('r,]U])()iiu.-D ;is Fluiir/i.'tn IjIiu' arc in:-ft]n]>!r; in 
niinerai acids, and inu.st be du<'omi]Kjs{nl by caustic alkalies in 
order to detect the basic ladlcals which they cuiitairi, an well as 
(he acids themselve.s. 'riiuy are best examined as follows : 

Roil a portion uf the .substance uifh sodiuin hydrate, and 
ti!U;r. The precipitate contains hydroxides isf the hc'.uy nrebds 
prescju, and may be e.vaniincd liu' tiu* metals sn flit; usuu! wuv. 
The filtrate roniains the sohibU; sodium salts oj hytlrufcrro- 
aiul hulroferricvanii' acids and t>f ihiot yimic anti. Acidify the 
(iltrale with IK'l and add excess of Im A jn'tsapitatc ttf 
I’rnssian Idut: itula ates l)) thor.. rioc yaiiic acid. Filter. A 
det'jj-red atlonr. or e\en a rt'd lin;ae. in the lilfrafe indicatt's 
ihiocyanir a< id. 1'o test lor hydioferrieyanir aeiil. wliirh is 
rapidly reduced in jiresence t»f alkali tti Itydroferrocyanir, allow 
th(,> first itiw <lrop.s of the filtrate to fall inttr ;in acidilied solution 
of FeSO,}. A deep-blue precipitate of TurnbulFs bine indicatfls 
the presence ttf hydroferric)'anic acid. Confirnt these the 
rejictions with AgNt);;. 



iNTRor)i:c'n('>N. 


219. In Qiialitalivo Analysis ihn (’lioinidal nature of the 
ciinsiitucms of a mixlure or of a eompounfl is inve.stig’atcf.l. In- 
eonverling those constituents into well-known and easily recog. 
nisabi(:vfonns. 

In Quantitative Analysis tin- same princiides are in\'olved, 
and the methods by which the quantitative determination of an 
element is carried out, are based upon the same reactions which 
ser\i; for its qualitative recognition. The reaetifins seleeteii, 
however, for quantitative work, must admit of the measurement 
of the amount of the constituent to be determined, either In- 
converting it into a product which is of known composition, 
and can be weighed, or by measuring the ^-olu^■ie of a prepared 
sfiludon required to bring aliout the selected reaction. 

'['he first is the gravimetric nn-thod, in which the substance 
to Ik; clf-tcnnined is converted into another, of known com- 
yiosition, which is thein a’sy:ur:\t(;ly -weighed. From this weighh 
the amount of the required--con.slituent can be calcularecl. 

The second is the ‘VoltilifietriG method, in which solutions 
are enqfioyed, one containing the snlrstaiice to be estimated, 
the other a known amount of a substance which has a definite 
reiK'iion with the substance under e.xamination. 'Fho volume of 
this second solution is measured, ctire being taken that the end 
of the reaction is sharply ohserved. 'I'his is usually atttuned by 
means of an indicator, such a.s litmus or methyl orange in 
acidimetry .and alkalimetry. 

Ifolumetric methods in genera! can be rapidly carried out, 
and require only simple apparatu.s. In many cases they admit 



alMfiit rK'curm Hn i!‘H- otlit r liaud. araviiMi Irii- iiic'Ju/dri 

an‘ often tedious and euinliE.rsoine, ami at tiinob require E'laiiorafe 
uppriratus. I’or rajiidity of \vork, a voliitneirie method i.« |n be 
preferred when one is available. 

Iti al! kiials of qiianlifatire vutrk, the ttmst hrrupnktus 
inusl be exerci-sed lo avoid possible errors; and if atiy sHq'ht 
error is even stisjHaiial, tin- experiiiu nt should be disraulcfl tnid 
a new owt c-umnietircd. 


'riilC MrASL.RKMf.NT op MASS 


220, T1i 8 Btllancc. sfrjeot tin* oporatanis most hv ipa-iillj 
eained uiiL bv' the analyst is that ol Al! <j!iaiiliiati\ 

i*\]»oriinenl,s, \vliutlK>r pravituetii.' or vokuneliie, dejH*nd in tin 
ijr.-it in^l.'int.e uison liti,-' openaiiun, \vJMt !i i> tlieu'toie of \<-iv 







Only the special features of the dieinical balancr. a peni ral 
view of which is sliown in Fiy. 45, uih I'e considen;d Innv. ’I'ti 
eliminate friction as far as possible', the turning centres ;it tin* 
middle and ends of the beam consist of knife-edges of agate, 
bearing on plates of the same material. A method of susj jtnisii tji 
of the pan is shown in Fig. 46. When the balance is out oi' 
use, the knife-edges are not in contact with the plates, tin' 
beam being, supported upon arms from the central pillar, by 
turning the lever in front of the balance, these supjK)!’!^ ate 
cau.sc'd, by metins of a small enmk or cam, to be uitlnlraun 
from the beam, whiclt then rests on its knife-edges ;ind is thu'' 
placed in tiction. The Itetim must ahvtiys be sup’pctrleii uhile 


the wei.ghts or other articles on the pans are being clianged. 
The movement of the beam is indicated by a piointer which 
dcsreiids from the middle of the beam to the scale near the 
foot of the pillar. When the weights on the two pans are equal, 
the pointer should swing to equal distances on hot!) sides of the 
zero, or the swing should diminish bv the same amount each 
time. A weighing is made by placing weights (Fig. 471 tm ilse 
pan to measure to one centigram. Beyond this, the value of the 
remainder in milligrams and tentli-milligram.s is determined l)y 
placing the rider, inaile of gtjld or ])]alinum wire ami wtdghing 
one centigram, upon the beam, arul moving it until an (‘xacl 
adjustment is readied. The position of the rider <m the gra- 
duated beam thu.s completes the mca.suremenl of n eight to 
one-tenth of a milligram. For still more accurate weighing, 



sniiii;;nini lire, on the jtan, and a tnillij^rnni rider (o 

eoinule'f the v,oij,diin.:^' to the luindredtli part of a !ni!!i\^r;nn. 


qqQQ 




Kor til! ordinary work, ]io\\e\Tr, the i:cnti} 4 Tam ridor is i|!ji)e 
hufl'ieicnt. 

221. The senbihilhy laf tiic balance, that is, the tlej!n-e to 
v.liirh lire lioani is c!is|d:u'eu i>y a A’ery small difference beinera 
the \\ei;.;iitft in the tv.'f) paiks, depends ctn several conditions. 
These tna)- I'jf; In-iefly explained front the diaf^rans (Fi}<-. .p-!). 

LiH .1(7’ rojiresent the Insun, the knife-edges being .at thoM; 
three points. i.»ra',v the horizontal line dC^, and the verti/al 


lines /ryl, rtf, />A (! is the centre of gravity oi tlie beam, 

including the ji.ans ami tlicir loads. Let ff '' be the Irstal '.veight 
of beam, pans, e.te,, /’and /’•+/ the loads on the pans suspended 


PRACTICAL C I T KM I ST RV. 


troni /> and .4 respectively. And let tlie an.c;k' tfi'.L, tlinruidi 
whirl! the l)eain is displaced liy the small (hricreiK'e p in thc- 
loads, when equilibrium is reached, he called 0. 

Then since the sum of the inciineitts about Cis zero, we hate 
(/•+/>) X X IT’x rC’ ; 

but aC--/^C 
■ p :<aC~- IFxi'C. 

Nv)\v the.L(.ijC~i.!ttA — 0 : 

iC(.-~ACci)sfi arid « C =— C(/ stii tV ; 

. p CTAsin (■) , 

■i /) Ac' 

l ieji' e l.in and therefore also liu: anylt (I throu.eh whicii the 
beam is turned, is increased by increasin;..; />, (lie excess load in 
one pan, by increasin^f the lenglii of the beam, by dinnni^hini; 
ll\ the' weight of the beam, iiml by diminishing the distaxn e 
oi" the centre of gravity from the knife-edge. 'I’he l.'Uter ;d^o 
im rofises tlse time of swing of the licani. 

In practice these condititms an' mutually antagonistic, and a 
conijjroiuise has to be efi’ected. d'o ensure lightness, the licam 
is usually made with the centra! })ortion remoxed, which can be 
done witlmut much loss of rigidity. 'I’he beara is also frequenlly 
made of aluminium or inag'nalium (an alloy of aluminium andi 
magnesium), each having a lovr density. To lessen tlie time of 
swing of the beam, and therefore the time occnjiied iti a. weigli- 
ing, the beam is shortened, d'his of course diminishes the 
.sei5sibility, liut the latter distid vantage i.s efnjnterbaianred by 
nmking- the depth of the {tentre of gravity below the knife-edge 
as small as is compatible with the stability of the balance. 

This depth, and therefore also the sensibility of the balance, 
can be adjusted at will by raising or lowering a nut which turns, 
alrovc the beam, on the central vertical axis. 

'file hakmt'C is enclosed in a glass case, the front of whii'h, 
and tiHually also the back and sides, can be opened. 'l‘he etise. 
nuiHi he kept closed to exclude dnst, fumes, eti'., and slnnild 
contain a small glass dish of calcium chloride to kee]) the atmo- 



WKniilING BOTTLES. 


drv. 'i'lie i .isi/ is supported on iliree metal i'eot, wliii h 
■a!) ]»■ raist'd or !o','e!-e(l uiiij screws, so that tlte balanc.e aiav 
,ie Icei’lled. '1 la; table ()i» \\i)irh iialancos are sujiported siaiuitj 
uo as rigid as pris-^ible, preferably one built into an esterual 

wall. 

.Man;-.’ details of the eonsirnrtion of the baianee, v.hirU li.ne 
not ia-eu described, will readily be understood by exranitiiti,; 
the one in use. 

'222, 'Weighirig bottles. When a hiibstaiae is ready foi 
analysis, it is 'placed at once in tin; weighing bottU;. Sotne 
forms of this arc shown in Fig. 4 y, The bottle .shfxtid l.!e oj 


one diameter throughout, as a, l\ and the groimtl glass .stopper 
should not be cut, but blown frf)ni a glass tube, tin? flaUen(;d 
under sirh; being retained. The two plain lubes shown at /■', 
one lilting into the other, make a ronveni<.‘nt form of weighing 
ve.ssel for dried filters, etc. For insertion into a glass tube, a 
boat I Fig. 49 . if) is often tunployed, as in the reduction of copper 
oxide '71 ■, or tlie ignition of antimony .sulphide ■311/. '{Tese 
boats are made of porcelain, gla.s.s, or platinum. 

In addition to these, wutch-glas-Yes, porcehiin dishes aiul 
iTucible.s, etc., m:iy be usefl for weighing a substance. On mj 
ai count sliould tlie substance to be wtrighed he placed directly 
on the pail. 
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Before M'oighin^', a vessel must al^v;ly.s lie allowed to iuajuire, as 
nearly as possible, the temperaluiT; of the lifdance-ronin, W’itji 
this object it is allowed to stand in the desiccator (20,'; in which 
also the weighing bottles should be kept. 


TME MEIASUREINIENT OF VOLUME. 

223 . Flasks. In volumetric anah-sis, ve-ssels :i,re rec’uir!,*fi 
which have an accurately known volinne. These arc of wn iom. 

w kinds. For adjusting the volume >)f a .sohitioii. 

y the nteasuring flask (Fig. 50,1 is liest. This is a 

flask with a long, narrow neck, lltted with a 
^ ^ ^ The flask contains 

the definite volume marked on the sid(', when 
filled to the mark etched roimtl tlic neck. It 
~ is important to remember that iliese flasks 

J \ m/i him the quantity indic;it<;d, and tliat when 

y the liquid is poured out. a little- alw.ays rentaiiis 

/ \ adhering to the sides of die vessel. The vnf- 

I QQ I ume is ascertained by weighing wilh water 
V / at a known temperature, which is indicated 

flask. It is only correct at this tetn- 
Fl!?. 50. ■ ■ J ..... . 

perature. 

For an ajipmxiinate measurement of the volume of a litpiid, 
the measuring cylinder (Fig. 51) may be used. 

224 , Burettes. A burette is a graduated glass 
tube, from which liquids maybe i*un l>y means of a 

tap at the bottom, and the quantity run oft is .thus ^ 
tneasured. The tap may be of glass, or made by 
a short piece of rubber tube closed bv' a clip, and ^ 
terminating in a glass jet, as shovm in Fig. 52, 3 S=.., 

which represents the usual forms of ‘Mohrs burette. ^ 
For some liquids, as solution of potassium pcrmait' 3^!,, 

ganate, the rubber tube should not be used. The 
burette i.s held in a stand, so that the volume of the 
liquid may not he affected by touching the lube with 
the hands. The diameter of tlie tube .slumld be 
uniform, and Jis the graduations are often made 
by linear measurement, any lack of uniformity in Fig. 51. 
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tills ivspc('t Will introilui-e nn error. Sueb error ran 
am! (orrected Ity calibration ( 226 ). 

In read tlie Inirette it is important that the 
e\c of the <jbser\er shouid be on the .snme h'vcl 
a:, the siiriace of tlie liquid, the position of which 
is ut lie read. Since the surface of the Ii(}uid is 
read alwaj’.s the position 
The bottom 
liearly defined posit ion, 
;s behind the 
IS obvious tliat 
. . cause 
'ices are 


iiincave, il is essential to 
of die same jiortiuu of (lie surface 
uf (he meniscus is the most 
and as this is se\'eral millimetre 
j.',raduated wail of the burette, it 
any cliaiijtc in the le\el of the eye will 
also a change in the reading-. Many <lev 
emjiloycil to olivinle this difficult}-, d’he float is 
one ot these fhig, 52), and consists of a^ closed 
tube, titling t-asily into the l.iurette, with a citcular 
mark etched on it, and loaded with a little nier- 
c.ury, so that it just floats in the li(|uid witli the top 
)m»jecling' above the surface. The position of the J 

etched circle on the ihiat is then easily seen on the V 

graduated tulse. ^ 

The burette is usually graduated in tenths of a ^ 
cubic cientiinetre. Wlicn liquid is run 
from tlie burette, the sides of the lube U 
remain wet with the liquid, and this 
1 slowly drains down. It will be found 

that on standing, the level of the liquitl slowly 
:: by a small amount, and it is tliorefore nect 

Jl V ahvays to tvork at the stnne speed, and to nad the 


rises 
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still re:m;iiiis in the ]f)wer end ot the stein. .\s soon as ih" 
runninLi hn.s ceu.sed, the end oi' llie tulic siiould he iiroueht m 
contact with the htinid which lias h'il it, ami thus a httie irs'if 
is removed from the tube. The few drops v, hich sph rcinain 
arc left in the tube, as they arc taken into accouni in nsarkiii;,; 
the pijiette. By workinj^’ always in the .same manner, an .a 
uniformity in results can be attained. 

'ITie pipette is j^radiialed at the temperature marl'ed upon n, 
and may nut be accurate at other tcrnjieratures, Inc c-:,!.,- i. 
ness or error of the pipe.ttc should always he determined !ic 
calibration. 

226. Calibration of apparatus. By this term is im ani 
the measurement of the error, it any, in the graduation o| 
volumetric apjia.ratiis. t )nc possilile cause of .sucli error in the 
case of the burette has already been mentioned. Tlie metliod 
of calibration generally adopted is to fill the instrument to the 
mark with distilled water at a known temperature, or niils 
mercury, and lind the weight of this water or mercury, hroin 
the known density of water at the working temperature ('see 
appendi.v, 348) the exact volume can be calculateil. 

Measuring flasks are weighed empty, then filled witli the 
water and weighed again. The pipette is calibrated by running 
the water into a weighing bottle, emptying the pipette in the 
manner which is to be adhered to afterwards (225), and then 
■weighing' the water. In the case of tire burette, the water is run 
out into the weighing bottle 5 c.cs. or 10 c.cs. at a time, and 
each quantity carefully weighed. The error at each 5 nr 10 c.cs. 
can then be calculated, and it may be assumed to vary pro- 
portionally at the intermediate points. A curve may be drawn 
to obtain the errors at these points. 
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227. lii ‘'ninp.’ii'lriL^ tlu." n-.t. tin;.', masst.'s (jf < heiiiirai snh- 
stant'o., it i:> in cns'-.ary tn iis. npfin a iitatulard unit. 1 lie unit 
mass nf hy(ir*s;,‘en i-. nlitiMai as tins stamlarri., ht'i'iin-sC tVi aii 
roai.liutis iiivnlviny tliis iihanunt, its mass is less tlian that of 
any of thn other substances roiicerni'd. 

In the rase of eiementary snbst.'inees, ilu- etjitivalenl is definet) 
as tiiat quantity wiiicli combines uilli, or replaces, one ;iyani rif 
hydrogen. .Most of the non-tnctallif elements coniliinc directly 
with hydrogen, so that the equivalent is readily determined, 
Willi metal-s, no tlefinitc ennipoiinds are obtaitiefl, and the 
method of rephirement of hydrogen, by .solution of tlte metal in 
acids or in alkalies, tnuy be a]Jplied in many cases. 

'Fhe same considerations are e.Ktenrle*! to compounds, such as 
acids, alkalies, osldising agents, the unit for <lctetinination of 
equi’calents being always one part by weight of hy<ln>gen. 

Wlien direct comparison of tlte .snlcstance with, hjdrnge.n is 
not jxissible, it.s etpiivalent may be determined by lefercnce to 
a third elenienl of known cijui valent, chlorine, ovigmn. 
Tims the equivalents of ttietals tire acrimtleiy detennint'd by 
tnialyses of tile chlorides or o.xides. 

Agiiin, the ])ro})orlions may be tlotcrmined in wliicli tnettds 
replat e em h oilua* from .solulion.s of tlieir stills, as, copper 
is pre ijiitated b\' rinc- from :i solution of copper sulphate, and 
the iel;iti\e equivttlents are thus found, 

Kxamph's of some of tlicse methods are giren below. 
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determination of equivalents. 

A. By Beplacement of Hydrogen. 
irfnmJv':!"'’?™'''''* 5-t "’»y Welsh 

phurie ' 

of hydrogen „nder those anKlition/occupies , Mf^r es"*" 
equivalent of the metal i.s -a..., me 

--- Weiojit of metal x irQfio 
Collected volume of hydrogen' 

iuoIm estimating the amount of a 

‘ \ loae equivalent is known, in a mixture with other ma- 
enals which do not liberate a gas uhen heated with dilute a 
zinc dust. ’ 

Valuation of Zinc DustO 

229. Weigh the zinc dust accuratelj’ into a loo c.c. round 
flask, titted with tap-funnel and tuo ' 
delivery hibes (Fig. 54). Cover 'the: : 
powder witii water, and pass a stretini 
of cai-bon dioxide through the, flask :tp ^ 
expel all air, collecting the gas in a 
measuring tube filled with caustic 
potash solution. When all the air is 
expelled, introduce from the tap-funnel 
a mixture of ecpial volumes of strong 
MCI and water, with a few drops ('if 
platinic chloride, and warm gently^ till 
the metal is dissolved. Expel the 
hydrogen remaining in the flask with 
carljon dioxide, and from the volume 
of gas obtained ('alculatc the percent- 
of zinc in the sample. 

/ nothem method, depending on the nducing power of ziur 
will be given later (.sec par. 262). ’ 


Fie- 54- 
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F. By Reduction, of Metallic OxidoH, 

230. Many of nii;(als are easily rec]ut'e<l to tiie nituil, 

b)' lieat’.no either wiiii rruium ur liydrogori. Ibtr the deu-raiiisa- 
tioii of the f.(]U;\;iient it is best to i-arry out ihc n’diu liun of u)i 
iivx urately knin\n vveij^itt of the pure oxide with pnie ;niil tlry 
li\dro; 4 en. Iti liiis way copper, nickel, cobalt, et* „ .na* rc.itiily 
oliiairiod from fhe oxide.-,. K\;unples of (he pro< edureare ;ps cn 

in ihir! 1.. jjar. 71. 

By Synthesifcs of an Oxide from, tbt; Metal. 

231. Tltis tuetliod may be used to dt.Mermine f qm .ah ut--. 
when .an o\i<ie of tleliiiite i.ompo'-.ition is oliiained. 

For exanqde, by iqnitiug a neiplied <|uaniity of ni.ipnesiiini 
in ;i cov(;red porcelain (Tuniiie, inaque.siiun jtxicie, Mqh}. js 
obtained, and from ihi.s tliC; eqniva,!ent ol liie metal may be 
deduced. 

A.qain. by i^xidisiny; with nitric acid, most mebils aie coit- 
verted into nitrates, if the tonipt'ratitre is kej>t low, these; briny; 
decomposed on i”nilion into fjxidos. 'lints c(»pper, nickel, y;ive 
first the nilnite.s, which on hetiting .strongly' lea\'e a re.sitlue of 
the o.xides, CnO, .XiO. I’in is converted quatuittitively into 
the dioxide, Snt,).,. 

D. By Replacement of one Metal by another. 

232. Weigh accurately about o -2 gram c;f pure zitic foil, and 
place it in a 200 c.c. conical flask. Add a solution of 2 grams 
siKor nitrate in about 50 c.cs. distilled water, and allow to stand 
at Ibe room- temperature, with fretiucnt shaking, until all the 
zinc Jia.s been replaced Ijy silver. Warm gendy, filter (hrougJja 
tared filter, and wash thoroughly on the filter. Dry and weigh 
the residue of niotallic silver. 

.Ah.suniing the equivalent of silver to he 107 - 88 . calculate that 
of /,inc, 

K. By Solution of the Metal in Standard Acid or 
Alkali. 

'fliis- method iviil be described later in the section fm tdkali- 
metry fsee ptir, 245}. 



ACIDIMETRY AND ALKALIMKTRW 

233 . In volumetric analysis solutions of known strely^(il are 
used, and, knowing' the reactions of the substances in these; 
solutions with other substances, the quantities of the kuter in a 
gi\’en mixture or com])ound can bo determincul. I'or example, 
knowiiig that when sulphuric acid neutralises sodium carbonate 
the reaction is rejrresentetl by the efjualicjn, 

1 1 .S 0.1 -f N a.CO;, N a^S O , + T LO + 0 

cjS xo6 

it is easily seen (from the molecular weights of the; reacting 
substances) that (>S parts l)y weight of suljduiric acid neutralise 
to6 parts of sodium carbontitc. 'riierefore, gixen a ‘'olution of 
sulphuric acid containing, say, -o? grs. jH;r c.c., it is e\ident thtil 
etich c.c. will neutndise -05 x grs. of soilium citrhontite. 

Any solution of known strength is ;i standard solution, but 
much calculation may be saved if a certitin definite strength is 
employed, and for this reason we use normal (N), semi- 

normal deciiiormal etc., solutians. 

A normal solution t)f hydrochloric: acid contains the molecular 
weight in grams of hydrochloric acid dissolved in a litre of the 
solution. Normal solutions of all acids are equivalent (f. A i c.c. 
of N. MCI will neutralise as much of an alkali as i c.c. of 
N. H.2 SO,j), and therefore must contain the same amount of 
replaceable hydrogen per litre, namely, r gn*. 

'I’hus from the formulae and basicities of the acids we get : 

N. Hydroc'hloric acid, - - - - - 36-5 

Monobasic, contains 36-5 grs. HCl ])er litre. 

N. - - - - <98 

Dibasic, contains 49 grs. H.)SO,j ]jcr litre. 

N. Nitric: acid, 63 

Mcniobasic, contains 63 gr.s. lINO;j per litre. 

A normal solution of an alkali is equivalent to, or etjui- 
volumolric’ with, a normal solution of an acid, /.c. r c.c. of tlu' 
latter will neutralise t c.c, of the former, therefore 
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contninr 


Hdruit 


N. vSiidiinn tru'lxniaio suliiti*) 

N. Sodium hydi'Mlt; 
j\. Potassiiini hydrate ,, 

When hydrochiorii: atiil is , -Hided k 
is preeipitaleii, and a solution r)f s 
ih prec;ij)it;'it(;d ’oy i i:.r. ((f N. liydro 
tlierefore 

M. Silver nitrate lAgN Mol. t 
Ap'NO.j j)cr litre ; similarly 

N. Hofliunr f hloride contains 5 H -5 pta 

A pencral delinition lua?" tlins he piwi 
('onluins the equivalent weight in qrani') ol 
element or nidical dissolved in om* litrf, 
slight ntodiheation of this defi? 3 itif>n must 
lions of oxidising agettls arc eonsiderctl 
cx])Uuned later, 

'i'o prepare statidard soliuiotis, it is riece.ssary to (f^i neigh out 
and dissolve substances of known purity, or (/>) roughly weigh 
or metisttrc quantities of substances wliose degree of purity is 
not knorvn and find the correr t .strength of tin: .solution thu.s 
made by titrating against ti solution of known slrcngtli, /.r. one 
prepared by the former method. 


PREPARATION OE STANDARD ACIDR. 

234, The strengtlrs ct the C!.>nrentrafe!l a.cids are not ka.ov/n 
exactly, so we nnist jjrocccd by the latter method in imiking 
.‘Standard solutions of these. 

'Fhey may be titrated again.sl a .standard solution 'a jiorjual 
solution will save calculation') of sotlium <:arb»maU; pr<‘pan;ii as 
follons ; 

N. Sodium Carbonate. 

235, Heat in a weighed platinum dish altoiit 43 gT->. of pure 
aiili 3 ’drous sodium bicarbonatf.*, \silh lonliunal slisTing, and 
without fusing : cool in the rator ajid H'cdgh. Repeat tht' 
heating till the weight is constant. 

Take out some of tiu,' pure sodium catbon.stc tsll oNiO tly 
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26-5 s-^rs. are left. Remove from the; IjaUinrc, add iiot water, 
and heat til! dissolved. Cool, transfer to a 500 e.c. tlask and 
make up to the mark. Mix well before usinj^'. The solution 
contains -053 s^rs. of sodium carbonate jjer c.c. and is therefore 
normal. 


PREPARATION AND STANDARDIS.-YTION OF SULPHURIC 
ACID.' , 

236 . Mea.sure 28 c.cs. (jf strony sulphuric acid in a measuring 
cylinder, and pour into water. When cold, transfer tet a litre 
llask and make ui) to one litre at the room temperature iaijout 
15' C.). 'I’he solution will be roughly normal, since the si tony 
acid contains, approximately, 98 per cent. 

Rinse out ;i burette with water, then two or three times with 
a few c.cs. of the acid, and 1111 the burette with acid. Do not 
attempt to get the acid exactly at the zero. 

Rinse a 25 c.c. pipette with water, then two or three times 
with a little of the N. sodium carbonate solution, and finally till 
i.the pipette. - 

Run the alkali into a 250 c.c. conical flask, and then touch 
the surface of the liquid with the end of the pipette. Do not 
blow out the liquid left in the end of the pipette. 

Add to the alkali one or two drops of litmus solution, read the 
position of the acid in the burette, enter the reading imme- 
diately in the note-book, and run the acid carefully into the 
flask till the litmus just turns red. Boil to drive off the carbon 
dioxide liberated by the acid. The litmus becomes blue again. 
Add more acid till the solution is lurned red with one droji after 
boiling. Read the burette. No'i'K.-- Before the end of eix-ry 
titration the liquid on the sides of the flask should be washed 
down..'.' 

Methyl orange may be used as an indicator in ])l.ice of 
litmus, as it has the ad\'anlage of not being affected by 
carbonic acid, and therefore the solution does not require to 
be boiled. 

Repeat the titration, u.sing litmus nr methyl orange, till three 
concordant results are obtained. Average these, and calculate 
the strength of the acid as follows : 


I 
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Vvi'itf insl tin' I'unjuidi!, .tn<l liiid ihe wt;i;<lus of jiuf u:.*,! iinu 

substances. , 


N:a:u, I ii,,S().-Na.SO, + n,X)H-CUa. 


then i c.c. of K. NaA'! sohiticjn cotita’ms >053 <4!'.“.. 'Na-bi.c; 
^ 11 51 11 1* viili neutralise 049 grs. > 'f 1 1 , ,Sn,,. 

Nov,- suppose .?.j-e c.rs. ol acid have been required for r.ci 
of dif; N. soduim. rariion.'ite. 'i'liese must curstnin 


25 X grs. t.if i-:!.>SO(. 
I I'.c. ofll)!; suljiluirii' acid contains 


, , 506 grs. i]j.St )4. 

.Auo'diiT nietlioci of ralculalioii i.s the following: 

T c.i's. of N, ',f!!utinri ne.atrnlise c.cf 

iIk. li.i.St ), •.ohitioi) is of normal 


of !! .so, : 


1 c.c. ()f tlie a<'id cfjnlalns x 0-049 — *0506 grs, i!wS<b 


237 . ISF. Sulplitiric acid. I’o make ilie sulphuric a< u; 
nt)rnia.l, 25-24-2 or -8 c.cs. of water must be added to each 24-: 
c.cs. of the sulphuric m'id. Pleasure the acid left, in a measurinj^ 
cylinder, ad(i the c;alculate-d quantity of water and agahs tiliaU-. 
I'he solutions should be equivolunietric, i.e. the sulphudc and 
i.s normal. If not. again add ;i calculated quantity of natcr. 

238 . H. Soditun hydrate. The sodiura hydrate i)(nvder 
(98 ]Jt;r cent. ) may 1 ;te used. Roughly weigh out enough to make 
a llli-e of solulicni slightly stronger than normal, say 45 grs. 
Dissolve in water, and when cold, make up to a litre. 

Take 25 r.cs. in a pijiette, place in a titrating flask, add one 
drop of methyl orange .sohuion aitd run in the sulphurif arid 
(now normal) as before. Assume 25-3 c.cs. of acid are retjuired, 


Then the alkali is normal, ?.r. l c.c, contains 


^5 


*45 grs..of NaOlI. 


If .be solution is n'<jnired to be normtil, add -3 c.c. of water 
for each 35 c.cs. of alkali. 

}!, V. c, M * 



In the following estimations the standard solutions will not bo 
taken as normal. This will gi\c the student good practice in 
calculation. 


Estima,tion of KOH in Canetic Potash (sticks). 

239 , Given sulphuric acid, i c.c. — -0253 grs. l-h,Sf);. 

Weigh a dry corked tube containing about to grs. tjf the stick 
potash. Transfer the stick to water in a 250 c.c. ilask and 
reweigh the tube and cork. Allow the caustic potash, to dissoh e, 
and when cold make, np to 250 c.cs. Use 25 c.cs. for each 
titration, with methyl orange or litmus as intlicator. 

The result.s should be entered as under. 

Tube and cau.stic potash, 22-84 grs. 

Tube, - ' - - t 2 ' 9 S » 

Caustic potash, - - 9-89 ,, 


Average 24*46 c.cs. 


2KOn -{- K..SO., + 2l 1 , 0 . 

TI2 98 . 

I c.c. of acid contains *0253 grs, of H.^SO,} ; 

I 1 2 

I c.c. of acid will neutralise -0253 x grs. KOH, 


'I’itrations : 

I. 

24*98 

26*88 

3 * 

, , 24*52 


•52 

2*39 

1*10 


24*46 

24*49 

24*42 


and 24*46 c.cs. 
but 24-46 c.cs. 


•025 3 X 113x24-46 

98 


n-s. KOf-i, 


, 25 c.cs. of the rcaustic potash 

solution ; 

. . •0255X112X24-16 j-r-rMi 

25 C.CS. of the solution contam.s - - - - - - — grs. oi K() I i ; 

250 C.CS. of the c.austic potash solution or 9-89 grs. of the stleks 


contain 


. . tt • . ... -0255 X I ra X 24-46 X to x loo 

percent, ot kOlI in the sticks is • * - - ■ „ 

' 90 X 9-89 

=:- 73 -ip. 
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sonn’M r.\K!'.f i\ATi- 


Estimation of Na..CO,., in Soda 


jiuini' ar 


tiller ])U]M;r 
disholvc in 
time, usinir 


It will he an ruh’aiifa;;*'*, duiu” mala’ •■■aiirtatitni;., <(f 

the same substmife, to ra!r'n],i(<* the sUenj^tii dI the standarc! 
soluticjii in terms of the buhstaiue to he found, as ah<*ve, hcfoie 
proceeijiny with tin; nilculatioj!. 

Enter results as Ixdore. 

I-Jotlle and crystais, yrs. 

.Bottle, - - , - 200f:>- . „ 

Crystals, - io*45 „ 

Titrations with 50 cats. 1 . 2 . 3. 

30 j 6 30-04 29-86 

2- 1 8 2-04 J-90 

27-98 28-ix:) 27-9O Average 27-98 c.cs. 

wwpmwtiiwin awiMWBUMtiiM a Brtiiw i wnfeita* " wwnuMiiiiiwr . - . 

27-08 c.cs. uf acid-=27-98 x -0274 grs, NayCO,. 

250 c.cs. of solution or 10-45 grs. crystala contain 
27-98 X -0274 X 5 grs. NaAh' ; 

' 27-08. X -0274 X . 4 ■ 

percent, of Na m crystals - ..yv- ' 


Estimation of HCl in Ooncenti’at-od 
Hydrochloric Acid. 

241 , fiiven sodium hyilrate solution efjniv.alenl to tl 
sulphuric acid used in the prev'uvtis c.\ peruHcnts, /.r. i c.f, -025 

grs. Ii,;S6h ; 

I C.C.— -0.255 X‘ ^ gi'N. IK ! ■•0188 gr-». llt.l. 
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Pour 7 or 8 c.cs. of conroniniU.-tJ hyUj'orliloric ucicl imo a 
weighed stoppered bottle. Weigh the bottle and acid. Wash 
the contents into a 350 c.c. flask and make up to tlie mark. 
Take 50 c.cs. for each titration and run in caustic soda solution, 
using inietltyl orange :is indicate-. Take the inctm t,)!' three 
conccu'diint titi'ations, and calculate the result as in the pi-e- 
ceding exaiitples. 

Estimation of Otl.GOOH in Acetic Acid. 

242 . Coven i c.c. sodium hydrate solution =--0253 gra. 
PLSt.),(. Acetic acid is a monobasic acid, mol. wt. 60 ; 

60 grs. acetic acid =49 grs. sulphuric tirid ; 

I c.c. sodium hydrate solution -'U.J53 grs. <.'dl.,CO< ) 1 I. 

Place about 4 c.cs. of acetic .acid in :i weighed stojjjieix'.d 
bottle, tmd proceed a.s for hyrlrochioric acid, 

Noi'li. Melltyl orange ctinnol be used fur organic acids, and 
is replaced by phenolphthalein (i gr. solid in l«.xj c.cs. of alcohol). 
Its neutral solution is colourless, and alktiline solution pink. 
The colour of phenolphthalein h destroyed by c.arbon dioxide. 

Estimation of Sodium Hydrate and Sodium 
Carbonate in Soda Ash. 

243 . Given i c.c. siflphuric acid = -048 grs. PL^SOi; 

I c.c. „ „ ='05i9 grs. Na.COo, 

and I c.c. ,, „ =-0392 grs. NaOII. 

Weigh out about 10 grs, of soda ash, disst)h'e in water and 
make up to 500 r.cs. Take 50 c.cs. for each titration. Adil a 
few drops of phenolphthalein and slowly run in the acid from 
die burette until the red colour of the lit|uid is just destroyed. 
Read the burette. At ibis stage the whole of tlie sotlium 
hydrate will have been neutralised and the sodium carbonate 
will ha\c- been converted to bicarbonate. 

cNa .,C O;. + H ..S f ) , 3 N a I H h L -i- N a .S O , . 

Now ad<l a little meihyl orange .and run in acid till die yellow 
colour changes to pink. 

2 Na.i 1 CO;j + J-i oSt'hi - N , + i bG + CO.. 


son A ASH 


H will be seen llial l])t‘ sul’iluirie :u id ri;t|i!irc'tl for the lani r 
Operation is ecjnal to nsed in the jjrevions om- iia- tho 

roiuersiiin of the earbontUe to bicarbonate. Hence, Ijy tfonblntt; 
tliis \olumo of arid, we iiave that required ll)r tlie ronijilt.'te 
iieittra libation (d tlu' carboiitite. and by .subtracimq th.c tohaue 
Ko f)bt;iined front the tcjfal ticid used, wc have the voltunc 
retfuired to neutralise the stjcliuin liydr.atc. 

Example. 

W'eiyiit of M Ilia ash used. !>’< 

X'olqnie of ,'n id for tii’s! ()])t>r:ition, - - 

TotakjV'oUinie of iicid iised, - . - . iH-o 

Volunfe used in set (jitd operation, - <S-p ,, 

Volnnn^sed for neiurtilisiition of i'iiiboii.ue, ty-S „ 
and ,, „ ,, ,. liydriite, - t't ,, 

Weight of Nat'di in 50 c.c.s. solution 01 t gr. af saiiiph' 

= M >t -0392 =.= .0431 ; 

T^ercentage of NaOH — 4-3?. 

and weight of Nti</.' 0 ,, in 50 c.c.s. solution or 1 gr. of sainjtle 
= J 7>8 X -05 1 9 == -9048 ; ’S:;'; 

Percentage of NaXO;j = 92-48. 

Noth. The .student should repeat this experiment, using 
pure sodium carbonate to test the accuracy of the irietiiocl. 

In technictil work the alkali present is generally given as so 
much Na^O. Although this substance does not exist as .such 
in the solutions, equations ntay be written assuming its ])resence, 
and the calculation made as before ; thus, 

H .,.SO,t+ Na..O Na^St)., + H2O, 
qS 6s'- - 

therefore if I r.c. sulphuric acid — -c^ grs. ■ 

I c.c. „ „ |;;--.o304 grs, Na.O. 

In the last e.suniation the total Na._,(') will be- 
iH-() X -0304 X 10- 57-45 iier cs*nl. 

As further exercises, the strengths of niirii' acid, suljdsuric 
acid, animoniiun hydiate solutions, oxalic acid, tartaric acid, 
etc, may be estimated. 
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Estimation of NH., in Perroixs Ammonium 
Sulpliate.' 

(Ji\'en acid and alkali (equal) i c.c;. —•o.is.l ll._>SOj. 

244 . Fit up Che apparatus shown in ihe sketch- tl'ip. SSt 

Ch'Lisli and dry die salt. 
Weigh into the tlask A, 
ail; amount sufficient to 
produce enough ammonia 
to neutralise aliout 20 c.cs. 
of the acid. Place in the 
flask C, 25 atcs. of the 
standard afkl. Add a 
small excess of alkali to 
the salt tpid keep boiling 
for about 20 ' minutes. 
Thc' arrangenient of the 
flask.s /» and prcicnts 
' the "acid.' ' froiti: ''.■.rukhitig ■; 
bai-k into A. Kci'p tin* 
flasks i? and C coo! with 
water. Wash the con- 
tents into one flask and 
titrate the excess of acid 
with standard alkali. Sub- 
tract the \olumc rctpiircd from 25 c.cs. to (jbiain the volume 
of acid neutralisecl by the ammoni:i. 

To calculate the result, 

Il,SO.i-h2NH.,-.XHi,.,,S(), : 

H.jSOi corresponds to cM M,j, 
or 98 parts by wt'ght corrcs|)ond to 30 parts KHi- 
r c.c. of aciu^-0253 yls. IlySO;. 

: t - ^ ^ H is i hi* 


f — 

L 

m 

_ 



\b / 

U / 

— 


Ffe SS' 

S-L, 


To 

use of Shaiidard Acid. 

flivcn N. sulphuric add and N. siHiiuin hydrate. 

245 . Tiic acid contain.^ j gr, of rcplru’cahlc hytlrogen ])er litre. 
Weigh accurately about -4 gr. of magnesium into a titrating 


W.'if'IVAi.ENTS. 


ii'.ld ;i. lilllc v,ati-i\ aiid then slowly add 50 c.cs. of ihe 
snlpliuric rieid. 'I'lsr inetid dis.s(.)l\es completely in tin; .e 'l!, 
'['ilrai.c the excess (»i a' iirwith aikall ;ind (inis find (he ■^.oliuiie. 
of riciil ncutraiised by llie inaLfnesium. Assume lliis to i)e 
33 ‘-'•cs- 

CrdculaLc ns follows. 

1 c.c. ofacid — •of)i j^r. hydroi^en ; 

33 C.s;s. „ „ -=•033 ;p-. 55 . 

■033 ,ars. oniy'inj,ur.‘!‘i are replaced by -4 .^r. m;s!.piesii=i!i. 


< }r the weiylit o!' metal rcajuireci lo siculralise t lilre os iht, 
N. su)i>hiinc :i<-idi may be calculated. This is the epinrali-a;. 
In the same wax' slud the tajuivaient, of zinc, and of idujumiiiii;. 
Tiie latter will re(|uirc: a. stJOiy^fU' stjlution of .arid, say tbr 
times norrntd. 

To detei'mino the Kquivalent of JSiric, 
using the Oxide. 

(liven acid and tilkaii as before. 

246 . I’se as iKifore 50 r.cs. uf the acid. Weigh out and 

dissolie it! the arid 1-5 L,n's. of zinc oxide. Titr.'ite die of 

acid with sodiuin hydoitc. 

(fitlcnlalr; as follows. .A-ssinnc the acid used --37 c.ca. 

37 c.c:s., /.c. -037 gTH. of hydrogen- i'5 grs. zinc oxide ; 

I gr. „ „ — “--^---40-5 grs. of zinc oxide, 

d'his 40-5 must consist of the eiptivalenl. of oxygen (the o.sygen 
combiniu" with f part of hydrogen) united lo that of die /.!ni‘, 
;mt! therefore die etpiivalent of zinc, will be found by sobivactiug 
8 . .'. Ci[uiialent. of zinc — 40-5 -"8--- J£^. 

R('pe;it with <ither oxiiins. as MgO. 

HTANDARD SOl.UTb'tNS OF OXIDISINO AOEXTS. 

Potassium Permanganate. 

KMnf'h. 

247 . Potassium jiermanganale in pu'setifc of a nduMn.; 
agent will give tip :i portion of its oxygen. Suiplmrie acid is 
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1S4 

iiUvays added to prevent the preinpitatinn nf the inan)^;inose as 
oxide. In sueh cases the potassium and rnanpanese are left as 
ptota.ssium and manganous sulphates, and therefore the amount 
of available oxygen is shown by tlte following equation : 

2 KMn04 + 3 H oStli 2]\1 nSO.j + K.SO, H- 3I L ,0 + 3C>. 

'2X 15S. . ■■■: SX I;0. 

1’hu.s we see that 316 ptirts by weigdit of potassium itennan- 
ganate sui>p]y 80 pai'ts by weight of oxygim availaltic for 
oxidation. >• 

A normal solution of an oxidising' agent is one which contains, 
in one litre, the equivalent weight in grams of oxygen available 
for oxidation. 

Therefore a normal solutittn of potassium permanganate 
contains 3[-6 parts of tlic stilt per litre. 

The principal reacting clemenit here is oxygen, hut though 
the 3 1 '6 grs. of the salt contain 12-8 grs. of ox3'gen, onl)- 8 grs. 
arc available, for oxidation. 

Action of Potassium Permauganats on Ferrous 
Salts. 

248 . In n.xidations by jrottiSHium permanganate, we need only 
consider the availalile oxj'gcn, thus : 

ioKeSO.i -1- f sC = SFe.fSO.,);. + 5 H., 0 . 

10X56. 5x16. 

From this, we see that to atom.s of iron (atomic weight 56; .are 
oxidised by 5 atoms of oxx'-gen, or 560 parts iTyn ciglit of iron bj- 
TO equivalents of oxygen. 

We may now write : 

I litre of potas.sium permanganate lamtains 3-16 grs. KlMnUj. 

r Vipld'^ *8 *^*'1**3;. () 

I „ „ „ „ oxidi.ses 5-6 grs. Fe. 

^ Potassium Permanganate. 

249 . Weigh emt exactly s-if) grs. of the purest potassium 
permanganate, di.ssolve in watta*, and make up to one litre. 

.Sec that all the .salt is dissolved before using. 
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Estimation of Fe in E'errons Ammonitim Su.li)Iia,te. 

FeSOp(\]-i,s;..SO,j.6Hp. 

250, Wc'igh uul alxdil 4 -rs. the sail, tiissoive is^, v^ixu v 
adding a. few drojjs nf Milj)huric: acid, and make up to ava ,;-,i 
Take 50 r.cs. tor eat li [iiration and add dilute fiulplraric .n id 
Run in the pta'inani^analT. As Ihe pormanR;i.n;i,te. is mlutcds it' 
cDliiur is destroyed, and tlicrefure wlien the OMidation is ■.>)!!! 
nleti-, one drop \a!]I t:oli)ur the jiiiiiid nernianemlv. 


poiassiusn perniany.'inate contains id ^rs, KM.'e. ' 


„ will oxidise ■fX>56 gr 
Entc'r results, and ealeidatf' as m previous cstiuiatiot!: 


Estimation of ¥e in Iron ’Wire 


Given f c.c. of pfitassiurn pennunganate“*oo3t6 {•rs. KTMidfj 

’ 00^6 grs. I'e, 

251 , fit up two small flasks with stoppers and tuljes, sc, that 
a current of carboii dioxide in.ay be sent through them (Fig. 56;. 

I’lacf' the flasks on an iron c»r |. — ^ 

asbestos ])latc, standing on a tri- 

pod, and in etid), jiiaee 60-70 c.cs. LJ 

of dilute sulpliurie acid. Hoii j i 

the acid to expel ;iir, tn'id then / \ / \ 

pass the carbon dioxide through / \ / \ 

the flasks. Place in each fla.sk / \ / 

aJicjiit o-i gram of iron wii-e, 
accurately wciglted, and cutitinue 
the current of gas until all the 
in,»n has dissolved, 'rilraie the 
whole of the solution in each 
flask ;it one operation, and witln- 
out loss of tjjitr. If the results 

do not agree, repeat the experi- 2 . i. 

ment. . Pig. 56. 
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Estimation of Pe in Iron Alum. 

K.,H04.Fe./S0i),v24H.20. 

Given r c.c. of ])otaHsiinn permanganate = '0056 gr.i. Fe. 

252. The iron in this salt is in the ferrif' state, and must lie 
reduced to the ferrous condition for titration with jK-irnninganalo. 

Weigh accurately into a small flask about -6 grs. of iron 
alum, dissolve in water, and ;nld sulphuric acid. Jdace in the 
liipud a few ))iet:es of zinc (free from iron) and allow the action 
to continue until all the zinc is dissolved. To see wheihc-r tlu' 
reduction is com|)lctc, take out a drop on the end of a fine gias;, 
rod and touch with it, ;i drop of a solution of potassium thio- 
cyanate on a white plate. If a red colour is ])rodticed, more 
zinc, and ]jossib[y acid, must be introduced. If the reduction is 
found complete, t itrate the whole as soon as the zinc has dissol vcrl. 

The student should try the action of other reducing agents, 
as sulphuretted hydrogen or sulphur dio-vide, takin.g care that 
none of the reducing agent is left when titrtiting. 

Estimation of P’e in Haematite. 

(Fe.Orr) 

' , Given — permanganate solution. 

10 

253. Grind the hacmtitlte very finely in an agate mortar. 
Weigh accurately about -7 gr. and dissolve in strong hydro- 
chloric acid on a water-btith. Refluce the iron to the ferrous 
state by adding stannous chloride in slight excess. Remove 
the excess of .stannous chloritle by adding excess of mercuric 
chloride solution. Dilute to 250 c.<'s. and titrate 50 c.cs. at a 
time.^',: 

Estimation of Oxalic Acid, (COOH);;, in Commercial 
Oxalic Acid. 

254. When oxalic acid is oxidised, water and I'arbon dioxide 
are produced. 

(COO 1 1 ). + O == H/) + 2 CO,,, 

■■ (.)0 ■ ■ ■ ■ 16 

'I'hus 8 parts of oxygen oxidise 45 parts of anhydrous oxalic 
acid. 
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r r.r. poLi^.siimi |)(!rFn;jn”..!na!».-- -nn' -S ^ r.i. : 

r „ „ „ „ -(^045 grs. I'COOH jM. 

\Veif>h out I'S of oxalic acid, dihholve in ualtr, ;mil lualu' 
up to 250 c.cs. 'Fake 25 c.a,. for earli lifiation, adci dilnlt' 
sulphuric acid and run in a few c.cs. of the pennaiipauntu. TIh; 
action is very slow in the rftUl, hut takes place nadiiy at 00" f. 
ileat the flask and rontiniie adding the peHniuip.iiiatc' till i!u 
oxidation is complete. Calculate the f*rr«'e?ita;4e of rwalir arid. 

Estimation of Oxalic Acid in OxalatoB. 

265. Oxalic acid is liberated frcmi uxalat< s bs the ,idd!tlun fd 
sulphuric acid, therefore pna eed as in tlx* last < aimaiion. 

Bstimation of Ca in Oalciuni Carbonate, 

(.oven -- pfUashiuin permami.inat*'. 

.■10 

256. Weiph about •/ prs. (.if iAei.-ind spaa intit l.'eake.r, adi'i 
water and dilute hydrochloric acid, and cover wit.ii a clock 'J4la,‘>s. 
When dissolved, dilute to about 100 c.cs., heal neaily to !»oilirig, 
add a slight excess of ainmoniurn hydrate, anti then a. iiKKlerute 
excess of ammonium oxalate. Allow the; n(}uid to :,e(tk‘, filter 
and v.ash well with hot water. Make, a holt; at the nn!t<.!!Vi of 
the tiller paper and wash as much a.s iiossible of die piV' diitate 
through into a 250 c.c. flask. Wkisli the tiitcr I'lauer vrith warm 
dilute liydrochloric acid to reniOA-e all the o.xalate. .Add a ten 
c.cs. of strong suljihuric acid to iht; liquid, make up tu 250 c.cs. 
and titrate 50 c.cs. at a time. 

I c.c. — potassium permanganate = -0045 (COOHt.j; 

I I „ „ „ „ --. 0020 gTb. Ca. 

Estimation of NaNO- in Sodium Nitrite. 

N 

i Given — potassium permanganate. 

I 10 

257. Nitrites are dns omjio.'ied b\ dilute ai i<ls. nitrou'- a-’id 
being liberated. The nitrous at id i- e.xtn im 1} unslahie, and 

i even in dilute ,snlulion.s split.s up, liberating' nitric oxide : 

3HN(;A-.-.IlNCb+2NO+ H,/ ). 


I 

1 u 


f 
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The production of nitric oxide (red with air) would mean 
io.ss of nitrous acid. The estimation^ shotild Ije carried out as 
follows : 

WTiyh out about 2 grs. of sodium nitrile, dissohe in water, 
and make up to 500 c.cs. Take 25 c.cs. for each lit ration. 
With the first 25 c.cs. run in about 10 c.c.s. of tin* jicnnangainuc, 
add a few drops of dilute sulphuric acid, and sliake. 'I’lu; 
('olour of the permanganate disappears. Now run in mors.' 
permanganate (with addition of sul]jl 5 uric acid if neressare) till 
a permanent colour is produced. 'I'he reduction near the (md 
of the action is slow, and the solution must he allowctl to sltind. 
When finished read the burette. 

I'ake another 25 c.cs. and run in nearly the volume of ];>cr- 
rnanganate used in the first titration. Add a little arid, and 
then run in ])ermanga.nate till the oxidation is complete. The 
.smell jf the contents of the flask will imlicate whether there is 
lo.ss of nitric oxide. Repeat the cxjierimcnt and olrt.ain tliree 
results which agree. 

NaNa^+0:^=NaNO.j. ' 

% 16 

N . 

1 c.c, potassium permanganate --■rxioS grs. O ; 

J » n' - -=-003^5 gfh. NaXO.,; 

or r •„ „ „ „ ---=-00235 grs. 

STANDARD POTASSIUM DIClIROldATF, SOLUTION. 

258 . Like potassium permanganate, this solution is an 
o.xidising agent, and from each molecule of the salt, tlirec atoms 
of oxygen are available for oxidation ; 

K 2 ^-r 20 y + 4fl2S0^=: K2S(i)4+ Cr,uSO.i)..-i-4H^fi^ 3 ^ k 

394 ^ 4 S 

Hence 294 grs. of potassium dichvomatc yield 48 grs. of oxygen 
dt'ailable for oxidation, and therefore a normal solution uill 
contain 39 grs. of the salt per litre, A dccinonnal solution {4-9 
grs. per litre) is generally used. 

Preparation of ^ Dichromate Solution. 

259 . Crcntly fuse a little over 5 grs. of pure potassium dicliro- 
matc in a porcelain dish and then powder in a diyv mortar. 



]*OTASKIUM DiClIRi )MA'ri' 


potussiuni dk'hi’oniaie i.-ontainri -rMo^u »• 


XX>5 ''V 


c)xiai‘'(‘s 


Estimation of Pe in Perrons Ainmoninin Sulphate. 

260. (. arry out tin: t'\]x*i'iiiifait as uith jwita-'iiuai jitaioan- 
gaaate, except in tlie indication of the end point. With 
])oiassium dirhromatc the reduced .sohititni, winch «-ont:iIus 
cliromiun) sulphate*, is green in colour, and it is inipossihle to 
tlistingui-sh tlie colour produced Ijy one di'ojj of poia'ssiunt 
dichroinate in this liijuid. 'i’he use r)!' ;in eAtern.il iiulicitos i>, 
re.-.ort(‘d to, and the uKidc of use i.. a>. follows : 

Fn a test-tul)e place a small crystal poi.issiuii! ferncyariltk', 
and wash it. several times with water ; then add water to make 
li very dilute .solution, Hy means of a glass rod place a series 
of drops of tliis solution on a while tile or plate, and frcun time 
to time during the titration with the dicliromate, take out from 
the flask, on the end of a glass rod, a little of the sohuicni and 
touch with it one of the drops. If much ferrous iron is present, 
a strong blue colour will be produced. This will become fainter 
as more dichromate is added, and finally the drop will give only 
a faint browm colour. The oxidation is then complete Calt.ai- 
latc as with potassium permanganate. 


Estimation of Fe in Spathic Iron Ore, 

261. Grind the ore very finely. Weigh out -5 gr. and 
dissolve in the apparatus used for the estimation of iron in iron 
wire, u.sing a mixture of etptal volumes of strong hyd) 01 hlonr 
acid and water. Dilute with air-free water to 5 tiines the 
volume, and titrate the whole at once with poiassiimi th- 
chroniare. 

Hy this ])roc;ess the ferrous iron alone is estimated. 

To estimate the /o/rfZ iron, take a similar weight of ore, 
dissohe as before, but there is no necessity t<) take jm'rautions 
ag.'iinst oxiilation. Do not use much hydroehloric acid in either 
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chlorine will be liberated by action with . the 


When dissolved, add ro-15 c.cs, of Strong sulphuric acid : add 
some zinc, and reduce as with haematite ( 253 ). Titrate the 
at once. Calculate the ferrous iron as FeO, and the 
as Fe.Ov. 

Valuation of Zinc Dust. 

262 . This material is largely used as a reducing agent, its 
value for this purpose depending on the amount of metallic 
'nc present, it usually contains, however, a large proportion 
zinc o.xide, together with other impurities. 

A method for its valuatiori is iiased on the. reduction of 
ium dichromate. Make a IpN. solutioti of dichromate 
ving 4-9 grs. and making up to 200 c.cs. 'Flii-s solution 
{)xicli.sc; 3'25 grs. (one-tenth equivalent) of zinc. Weigh 
y about 0-5 gr. of the zinc dust, i>lace it in tv 
3k, and add 50 c.cs. of the dichromate solutioit. 
dilute sulphuric acid, little by little, with gentle 
til the zinc is completely dissolved, and then make 
nark with water. The dichromate solution would 
decinormal strength, but it has been partly 

ih'epare 100 c.cs. of — ferrous ammonium sulphate 


10 c.cs. of this with the reduced dichromate, 
until several concordant rc.siilts are ob- 
hiqipose that 13-5 c.cs. of dichromate are required, 
of zinc dust used is 0-57 gr. 

10 c.cs. of decinormal dichromate would 

of decinormal. 


SILVER ^ilTKATE. loj 

The weiylu of zinc equivalent to this is 
250 X 0.00325(1 8-5 -lo) 

. 18 . 5 , - . ■ : 

and therefore the amount of zinc in the sample of zinc dusi is 

2 50 X 0-003 2 5 (' I S'J - I O) X 1 (X3 

18.5 X 0.57 " ■ 

“65.5 per cent. 

STANDARD SILVER NITRATE SOLILI lOX. 

263 . The nndecular weiqlil of silver nitrate is 170. .(uLi :r. 
each molecule t'ontains one atom of silver and silvei" is ,mio-,,o 
vaieiiL a normal solution of the salt will contain a Jiram molo, if:, 
in a litre, /.c. the eqiiivalf'ni weight in gnnns of silter jns iure. 

A (leeinm'nial solution is generally used. 


Preparation of Silver Nitrate Bolutifin. 

Dissolve exactly .'1.25 grs. of .silver nitrate in distilld,! uittcr 
and iiKikt; up to 250 c.its. 

■ Estimation of 01 in Sodium Chloride. 

AgXO, - 1 - XaCl ^-AgCl + NaNCLj. 

108+14+48 23+35.5 


i r.o. — sils'cr nitrate contains *0170 gns. Ag;XO.; ; 
10 


and I c.c. 


„ „ -0108 grs. Ag. 

„ precipitates -00355 h'l. 


264 . Weigh .about 1 gr. of pure sodium diloride, dissolve 
in disti’led water and m.ake up to 350 c.rs. 'fake 50 c.rs. for 
earli tj.nition. Add one or two drops of jwtas.sinti! cliioinati- 
(K.,Crf),) solution a.s indicator and run in the silver nitiato. 
'i'hc sher nitrate first )n'eripit:ites silver chltiritle, and unl> 
uln-n the whole of this is jireci]»itale(i will the red silver chronjatc 
be piTtfiuced. 1 herefore when one drop, gives a pennaiu-nt^ 
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red colouration the chloride i,s all preci])itated. Calculate the 
percentage of chlorine. 

Civen the equivalent of chlorine as 35-45, calculate the equi- 
valent of sodium. 

^ Sodium Oiiloi’ide. 

265 . The student should calculate the amount of pure salt 
necessary for this preparation and make up the sidutifin. It 

should then be titrated against the - - silver nitrate as a check 

on the working. .Such a solution may he used to estimate 
silver volumetri cal ly. 

Estimation of 01 in Tap-water, 

266 . Make ;i centinornial .solution of silver nitrate, 1 ))- diluting 
25 c.cs. of the decinonnal solution to 250 c.cs. 'fake 50 c.cs. of 
the tap-water for each litnition. 

Calculate the result in grains per gallon. 

I gallon = 70, CK)0 grains. 

70 c.cs. water =70 grs. or 70,000 in.grs. 

Therefore the actual weight, in m.grs., of chlorine in 70 c.cs. 
of tap-water, will give the number of grains per gallon. 

Bromides and iodides may be estimated in a similar way to 
chloride.s. 

Standard Solutions of .Iodine and TMosulpliate. 

267 . I’he iisefulnes.s of iodine in volumetric analysis dejjends 
largely upon its reaction with scKlium thiosul])hate, the iodine 
combining with part of the sodium. The action is represented 
by the following equation : 

eAkuS-TL-i- L-- Na;j.S,]0e-f2NaI. 

By this action we ,are enabled to estimate iodine present in an)- 
solution in the free state. 

Iodine gi\es nith stardi ])aste an inten.'-ely bine (<>lour<^d 
substance commonly known as iodide tjf starch. If a solution 
of sodium lhinsul[ih;ite is added to stan h so coloured, the iodine 
reacts with the .sodium thiosulphate as mentionetl aho\'e and 
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the l)luc colour is destroyed. 'I'he solutions of iodine and thic;- 
siri])lui,te generally used are decinormal and are prejiared as 
below.' 


N 

10 


Iodine. 


268 . If we regard the free iodine in solution, the etjuivalcnl 
of iodine Ireing 127 , w(; must di.ssolve 12-7 grs. per litre- for :i 
tlceinonnal solution. If we consider the iodine solution a.s .ui 
oxidising a, gent a,(n.ing aeeording to the equation, 

L+M,,p-2Hl+0, 

we again ai’rive at the amount ra-y grs. to yield o-8 grs. ofoxygi a. 
/:c. a decinormal solution. 

Weigh out exaetly u-y grs, uf powdered purest resnblimcd 
iodine into a litre ihisk. .'\dd about 20 grs. of jam? jiotas-iiuni 
iodide and 200 e.e.s. (jf wa.ter and sliake imtii tlie )fniine ir-. 
dissolvofl. Then make up to a litre. Keep well stoppered ;iud 
in the dark. 

^ Sodium Thiosulphate. 

269 . The sodium thiosulphate solution will be equu*slunu,>{vi(; 
with the iodine, and we must therefore weigh out a gram 
molecule of the salt (see equation) for a normal solution, and 
onc-tenth of this for a decinormal solution, and make up to 
a litre. 

The same value is aixivcd at if we take the principal reacting 
element, /.c. the sodium which unites with the iodine. 

Weigh out 24-8 grs. of the pure salt, NaaSgO^. 5Hi.O, into a 
litre flask, dissoh e in water and make up to one litre. Keejj 
well stoppered and in the dark. 

Equalisation of the Solutions. 

Take 25 c.cs. of the iodine solution and run in thiosulphate 
fj-om the burette'. ‘I'hc colour of the iodine solution Irecuines 
fainter as the iodine enters into combinalkm with the .sodium, 
and when only a very faint yellow colour remains, add. starch 
paste, d'his imtuedialc.ly procluces a deep-blue colour, Nhtw 
add the ihiosuphalc drop by drop, shaking well after each 
n. r. c, . . N ’ 
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addition, till the blue colour just ilisapjiears. Read the bin-c‘.Uc. 
It' the solutions have been acruratcly made with pure substances 
they will bo found equix'olumetrie. If not, equalise by adding- 
water to the stronger and find the strength of the sodium 
thiosulphate (and therefore also the iodine) as follows. 

Standardisation of Sodium Thiosuiph.ate by means 
of Dichroinate. 

270 . Al ensure eq c.cs. (d‘ — polassium dichromatc nno a 

■ ,io 

titrating flask, add about 2 grs. of solid potassium iodide, and 
then 5 c.cs. pure MCI, 'I'lie hydrochloric acid is oxidised hiy 
the dichromate, and the chlorine so obtained liberates its 
ecpiivalent (jf iodine. The liciuid liecomes dark-brown in 

colour, and contains the equivalent of 2s c.cs. of -A iorliiu' sohi- 

■ . .iO 

lion. Titrate as before with the thiosulphate, adding starch 
paste when the free iodine is nearly all removed. I'he colour 
of the liquid is now compo.sed of the brown of free iodine, the 
blue of starch iodide, and the green of the chromium chloride. 
Continue the addition of thiosulphate carefully until first the 
yellow colour, and then the blue, is discharged, leaving a pure 
green solution. With a little practice, the end point can be 
accurately determined. 

If the thiosulphate solution is exactly decinormal, 25 c.cs. 
should be required to unite wdth the iodine liberated by 25 c.cs. 
of dichromate. From the volume actually used, the strength of 
the thiosulphate may be calculated. 

Estimation of CMorine in Chlorine Water. 

271 . Di.ssolvc 7-B grs. potassium iodide in a little water con- 
tained in a 250 c.c. flask. Add 50 c.cs. chlorine water, aiul 
make up to the mark. Titrate the liberated iodiim, using 
25 c.cs. for each titration. 

Estimation of Bromine in Bromine Water. 

272 . Add 50 c.cs. of bromine water to a 250 c.c, flask contain- 
ing a solution of 10 grs. of polassiutn iodide. Make, up to tlic 
mark tind titrate as with chlorine water. 
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Estimation of MnO^ in Commercial Manganese 
Dioxide. 

273 . Grind to very fine powder and weigh about -5 gr. into 
a small flask with ground-in delivery tube (Fig, 571!' Asld 
25 c.cs. of strong hydrochloric acid and some sinall jiieci',-. <,-f 
magnesite, and connect to the U-tubes, the first of wlficli con- 
tains 4 grams and the second 2 grs. of potassiim? iorhfic> 


dissolved in water. The bulbs should lx; less than half filled. 
Heat gently, 'fhe chlorine evolved liberates i(Kline, \\hii'h 
remains in solution. At the end of the action, gently boil tlie 
liijuiti in the small flask to drive off tlx; clilorine. I'he ni.'igne- 
site, which dissolves slowly in hydrot:hloric acid, is placed in 
the flask at the ljc:ginning of the e.vpcriment, in order to ju-ovide 
a .stream of carbon (.lioxidc at the dose. This ]3i events the 
liquid sucking back, and drives out the chlorine coniplelel). 
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When the distill, -itiDn is finished, wash the contents of the 
U-tubes into a 250 c.c. flask, make up to the mark, and take 
50 c.cs. for each titration. 

MnO.,-5-.4HCl = ?\lnCL + 2H.p + CU. 

, 87 , “ 2X35-S- 

I c.c. of thiosulphate ■=--•0127 .^rs. I 

= •00355 grs. Cl 
=•00435 

Bstiniation of available Chlorine in Bleaching 
Powder. 

274 . Weigh about 10 grs. of bleaching powder into a nuirtar, 
add a little water, and grind to a, thin cream. Pour tire milky 
lir[uid into a litre flask ;ind grind the residue with a little more 
water, and repeat till all the substance is in the flask. Make up 
to a litre. .Shake well, takeout 25 c.cs,, add 10 c.cs. ut ii sctlu- 
tion of 5 grs. potassiunt iodide in 100 c.cs. of water, and acidify 
with acetic add. The liberated chlorine displaces an .equivalent 
quantity of iodine. Titrate with thiosulphate and calculate the 
amount of chlorine as in previous estimations. 

Ca<QQ +2KI + 3CH3COOH == I3+ 2KCI + Ca(C2H;t02h-4' HoO. 

BBtimation of Hypochlorite. 

Use the solution prepared as directed in par. 38 . 

275 . Make up the whole solution to 500 c.cs. Of llii-s take 
10 C.C.S. and place it in a 250 c.c. flask. Add a solution of 7-8 
grams potassium iodide in water, acidify the whole with acetic 
add, make up to the mark and mix well Titrate 50 c.cs. at a 
time with the thiosulphate. From the result calculate the 
amount of hypochlorite in the original solution. 

Nat)C) + 2KI + 2CM,,C()( ) M = I2 + NaCl + 2CH3COO K + 1 l.jO. 

Estimation of Arsenious Acid. 

276 . 'Phis is oxidised !(.> arsenic .acid by meams of free iodiirc ; 

1 -I Ast )., T L + H A ') = 1 -i ;,A s( ),i + 2 11 1 . 

W'dgh out 2 grams of sodium arsenite, dissolve in water and 
make up to 250 c.cs. Measure 25 cars, of this solution into a 


KJDINE AKb TI 1 lOSULl’U ATE. 


titraliny flask, ackl an equal lailk of a saturated solutioii of 
sodium bicarbonate to neutralise the hydriodic arid rvluiit uil] 
bt^ formed, and some starch solution, and titrate with iodine 
until a permanent blue colour is just obtained. 

A similar experiment may be made with sodium arsenate. 
Wt.'iph out a prams, dissolve in water, add some afctir :a_id 
and b(jil for a few minutes to de<'ompose any nitrile in the 
material. Cool and make up to 2^0 c.rs, Estimaje anv 
arMuiiuus acid in the samide by tilratinp 25 r.rs. as alxwe. " 

To determine the arsenic aeid, take too t.cs. of the solution, 
rcdure by saturating with sulphur dioxide ami lh<m ])oiIinti 
the excess, and make up the cold .sfdulion to r:fx> c.rs. Titrate 
50 c.cs. of this li(piid, after addinp NafiCt).; ami starch, with 
the iodine solution, 'fhis gives the total amount of arsenic, and 
hence the tiinount of arsenic a< id in the original sam])le may lie 
calculated. 

Estimation of Antimony. 

277 . Antimony trioxide may also be oxidised and estimated 
by means of standard iodine : 

Sba(3;} + 2L+2H2U = Sb..O.+4Hl. .. ' 

As in the estimation of arsenic, the hydriodic acid set free must 
be neutralised with sodium bicarbonate. 

Weigh out about 2 grams of tartar emetic, 

K(SbO)C^H,A A 

dissolve in water, and make up to 250 c.cs. Titrate 25 c.cs. 
at a time, adding an ccjual bulk of saturated solution of scjdium 
bicarbonate and a little starch solution, with standard iodine. 

Estimation of Sulphurous Acid in 
Aqueous Solution. 

278 . Mea.sure 5 c.cs. of freshly ]jrc])arcd sulphurous acid 
into a 250 c.c. flask containing 100 c.ch. of standard iodine 
solution, llie latter must be in excess, so that the colour is 
not entirely discharged. Wake uj) to the mark, and titrate the 
excess of iodine, go c.cs. at each titration, with thiosulphate. 

H.^SO^T 1,2-4- H2b~Th_)Stl4+ 2H I. 

Tlie estimation may also be made, l)ut less accurately, by 
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diluting lo c.cs. of llie sul)3huroii.s acid solution to 500 c.cs., and 
running this from a burette into 25 c.cs. of the standard iodine. 

Estimation of Snlpliurous Aoid in a 
Soluble Sulphite, 

279 . Weigh about one gram of sodium sulphite into a 250 c.c. 
flask, dissolve in water, acidify with acetic acid and run in 
a slight excess of iodine solution. Make up to the mark and 
titrate the excess of iodine with thiosulphate. 

Estimation of Hydrogen Sulphide in 
Aqueous Solution. V 

280 . Prepare a dilute solution of sulphuretted hydrogen in 
water, and titrate 50 c.cs. with iodine in presence of starch 
until the blue colour appears. The reaction 

I-LS + 1 .- 2 HI + S 

is not quantitative if more than 0-04 per cent, of hydrogen 
sulphide is present. If more than this quantity is found, there- 
fore, dilute the solution to a sufficient degi'ce and repeat the 
experiment. 

Preparation of Standard Soap Solution. 

281 . Place in a litre flask about 10 grs. of sodium oleate or 
Castile soap, add 500 c.cs. of methylated spirit and allow the 
soap to dissolve. Make up lo a litre with distilled water and 
shake well. To standardise the solution, prepare the following 
solution of a calcium salt. 

Weigh out exactly i gr. of Iceland spar into a porcelain di.sb, 
and add a little dilute hydiuehloric acid, covering, the vessel 
with a clock glass. Allcm the sulistance to dissoh'e, and then 
evaporate to dryness on a water hath. Redi.ssoh’C the residue 
in distilled water and again evaporate, to complete the remo\’al 
of the hydrochloric acid. Now dissolve the residue in distilled 
water and make up to one litre. Each c.c. of this solution 
contains calcium chloride equivalent to -exu gr. of t:akium 
carbonate. 

Take 20 c.cs, of tliis solution in a stoppered bottle of 250 c.cs. 
capacity and add 50 c.c.s, of distilled water. 
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Run in tlie soap solution Irons a burette, i c.r. at ;i time, sukI 
; shake the bottle vigorously after each addition, Wiit-u a sli-ht 

!;s tiler is obtained add thd srjsqj more carefully till a j-jennanent 
lather is obtained. This lather should last at least tv.o l^inuU'■^. ! 

Read tire burette and calculate the volume of wsiter tii he addied 
to the sosip solution in order tlssit at c.cs. shall produce a iatlii r , " 

1 Avith 20 c.cs. of the calcium solution. The addiiioiuii i r.c. of ‘ \ 

f soap solution is required to produce a lather with yo c.i s. of ' 

I .. distilled water.. ' ' ofi 

Tile soap solution is now of such strength that I c.c. will i I 

I precipitate ■ooi gr. of calcium cai-bonalc or its etjuivriletif. * 

I Since o-ooi gr. in 70 c.cs. (70 grs.) is i part in 7o,tr.o. \hi- \ 

miniber of milligrams in 70 c.c.s. is equal to the iminhor of m 

grains per gallon. . 

With this solution, always u.se 70 r.c.s. rtf tlio wttfer in be i ’’ 

tested, subtract l c.c, troin the volume of soap sohition used, ■ 

and the. remainder will give the number of graim, of caluiim 
carbonate jiresent in, or equivalent to the magnesintn .and otiicr 
salts present in, one gallon. , 

Estimation of the Hardness of Water. ' ; 

'/'(lAr/ Htirdness. | , 

282 . Talce 70 c.c.s. of ivatcr in the stoppered bottle, and ' 

titrate with the soap solution. Subtract i c.c from the vfiluine f , 

of soap solution used, and the remainder gives the numher of 1 i 

grains per gallon. Repeat the experiment. I ’ 


Pcnummit Hardness. ’ , 

■ , ■■ ■■ ■ : I'l 

'Fake about 170 c.cs. of the water in a flask and counlt-rpoiso I,' 

on a rough balance. Roil the water for half an hour to reniine \ \ 

the temporary hardness. Cool and make the liquid uji to it-, i 

original weight witli distilled water, filter through a dry filter j. 

paper, take 70 c.f;.s, of the filtrate and titrate as before. p 

Subtract the permanent hardness from the total hardness, to ’jl 

obtain the temporary hardness. p 


i 
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SECTION II. 

GRAY ] ME'r R I C AN ALYS I S. 

TO DETERMINE THE WEIGHT OE A FELTER ASH. 

283. Before weighing a precipiiale in a f^ravimctric estima- 
tion, it should !)(,; more or loss strongh’ heated, in order tliat 
moisture may be completely expelled, unless the high tenpHU'a- 
ture causes decomposition. Some prci-.ipitates are merely dried 
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the precipitate, is burned, and the asli added lo tin; preripii;ne. 
1 he wciphl ot this rish, nliicli is known, is then deducted fruin 
the total weight. 

To determine the weight of the ash of tin- filters used, weigh 
a porcelain or platinum criK'iblo. Fold a flter along .a diaijn-tc; 
d'ig. tW'icc more along the lines ,?l> and .'A respci tiw'lj. 

I'lmn roll tlii.s strip tightly into a narrow ruli, as at c, ami bind 
it in a spiral manner with a long plalinum uiie, like f. Nhnv 
])urn this by touching it with the dame of tlie hurnep iadding 
the burning coil over the crucible, which stands meanwhile uri a 
sheet of glazed paper. W'hen the fame an<l tlie red glow whh h 
succeeds it are both extinct, there still remains mm h nnhunii 
carbon. Again touch this with the tltime repeatedly, but do riot 
keep the flame playing on it, until all the carbon is biuni, and 
the ash alone remains. Shake this into the* cruciltic. Repeat 
until five or .six filters have been burnt d, and thou, with a 
camel-hair brush, transfer any fragments which have dropjmd 
on the paper into the crucible. Ignite strongly for fifteen 
minutes, allow to cool in the desiccator, and weigii. Calculate 
the weight of ash from one likei', and compare your result with 
the value marked on the packet. 


ESTIMATION OF COPPER. 

284. A. B 3 r Precipitation as Hydroxide and Conver- 
sion of tins into Oxide by Ignition, 

Weigh out accurately o-8-i gram of pure cojipcr .sulphate, 
Cu.SO,} . 5IJ2O, into a 500 c.c. beaker, and dissolve in about 
100 c.c.s. distilled water, adding a few drops of diluie MCI. 
Heat to boiling, and add N.a01J solution as long- as a pre- 
cipitate forms. Cover the beaker with a clock-glass, and lioi! 
until the precipitate turns black. Allow to settle, (est the dear 
litjuid with litmus jjaper, and if alkaline, filter at once, pouring 
the dear liquid through tlie filter, and allowing tlie precipitate 
to remain in the beaker. To this add boiling water, lioil for a 
few minutes, and again pour the dea.r liquid through the fiher. 
Repeat this wa.shing' by decantation several times, ami then 
transfer the precipitate to the filler, using the wash liotlle and 
glass rod. If some of the prci'ipitale adheres to the sides of 
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the boakcr, detach it by rubbing with the glass rod, having 
a short piece (i cm.) of tightly-fitting ruljber tube on the end. 
Now continue to wash the precipitate on tlie filter, allowing 
each washing to run through completely before adding the n<;\t, 
until a few dro]3.s of the liquid from the funnel gi\'e no turbidity 
with BaClj solution, even on standing for five minutes. 

When the precipitate is completely washed, cover the funnel 
with filter paper, and dry in the steam oven. Transfer tlie 
as completely as possible to a weighed porcelain (or 
tinum) crucible, fold the paper, with the soiled pa.it 
in the centre, into a tight roll, bind this with platinum wire, and 
burn the jiaper until no carbon is left. Allow the ash to drop 
the crncihle, first shaking the jircripilatc to one siilc. 
Moisten the ash with two drojis of .strong nitric acid to reoxidise 
reduced copper, dry gently over a small flame, and then ignite the 
whole strongly for 1 5-20 minutes. Allow to cool in the dosicralor 
ind weigh. Repeat the ignition until the weight is constant. 

The method of calculating and entering the result will be 
given here as an e.vample. 

Weight of bottle and copper sulphate (a), - r2'33i2 grs. , 

» ji >1 u (^)5 ■ i1'4o6o ,, 

„ copper sulphate used, - - -9252 „ 

„ crucible, copper o.xide and ash (<rr), i4'i5io j, 

5, (<^)5 14*15^*^ )J 

crucible, - - - - ' 

„ copper oxide and ash, - - •2935 ,, 

„ ash, - - - - - - -0005 („ 

5, copper oxide, - - - - 


Now copper oxide is known to contain 63-57 parts of copper 
in 79’57 f>f oxide ; therefore the amount of copper in roo parts 




ANALYSIS t)F COPPER SUl.PIlATE. 

285. B. By precipitation as cupric sulphide, and 

conversion of this into cuprous sulphide by ignition 
with sulphur. * 

Weigh out and dissolve the copper sulphate as alxnr, add a 
few drops of HCl (the solution should be free from nitric acid', 
heat nearly to boiling, and pass H^S gas until the liquid is 
saturated and all the copper precipitated as black CiuS. Allow 
to settle, and filter at once. Wash with warm II.S uater unlil 
a few drops, on adding HCl and BaCL, give no turl )ir 1 ily. Kt '('p 
))i;th filter funnel and beaker cov^ered with clock -glashcs during 
the filtration and washing, to avoid oxidation of the sulphide. 
Dry the precipitate quickly, transfer to a 
Rose crucible (Fig. 59), adding the filter 
ash also, cover the contents of the crucible 
with powdered sulphur, and ignite in a *^5 r 
current of dry hydrogen until all free 
.sulphur is expelled. Allow to eoor at 
first in the current of hydrogen, and when 
nearly cold place in the desiccator. After 1 
weighing, repeat the ignition with sulphur \ , 

until the weight is constant. The residue \ / 

is cuprous sulphide, C%S. From the \ / 

weight of this calculate the amount of ' ;■/ 

copper as above. 

This method of estimating copper is chiefly employed in 
separations. The metal may also be precipitated as .bvlphhlc by 
adding Na^SaOs solution, or as cuprous thioGyanate, Cu.fSCN),,, 
by adding arnmonium thiocyanate in presence of sulphurnub 
acid, w'ith subsequent conversion into Gu.jS by Ros<ds inethoii. 
Ckq-jper cannot be precipitated completely as hydimide in 
presence of non-volatile organic acids, sugars, etc. 

ESTIMATION OF SULITIURIC ACID, (SO4). 

286. By precipitation as barium sulphate, BaS 04 . 
U.se copper sulphate, Wfifigh out the salt as uliove, acitlifj- the 
solution with hydrochloric acid, heat to boiling and aild aliout 
20 c.cs. of ammonium chloride solution, to ren<ier tlie subscq\H'nt 
precipitate of RaSOj more granular and therefore more easily^ 





( 



iiltered. 'Fo tlie boiling liquid add slowly a boiling s(.)]ulion of 
BaCL as long as a jarecipitate forms. Allow to scUle, wash by 
decantation several times with hot water, and then on the filter 
until the water gives no turbidity with AgNO;, solution. Ijry, 
ignite in a platinum or porcelain crucible, and weigh. If much 
of the precipitate adhered to the niter, moisten the ash with a 
few drops of HCl, add two drops of to convert BaS into 

HavS('),,. Dry carefully, and ignite, Rt-peiU the iguitum till tin: 


weight is constant. From the weight of BaSf); 
SO.;. 


calculate the 


K.STIMA'riON OF WATER OF CRYSTALLISATION'. 

287. A. In crystallised copper sulphate, 

CuSO,i . 5H.,0. 

Dry some of the finely powdered salt l,iy ]n-essing between 
several layers of filter paper, and then lea\ing it exjioscd to the 
air for a short time. Weigh two watch-glasses held with rims 
together in a wire clip. Place in the glass 1-1-5 grains of the 
salt and weigh again. Now heat in the air-bath to 120-130'' for 
an hour, separating the gla.sses meanwhile. Allow to cool in 
the desiccator, and weigh with the glasses closed. Kc-peat the 
heating until the weight is constant. The loss represents 
To determine the remaining molecule of water, heat at 250-260“ 
until a constant weight is obtained. Calculate the {lercentage 
in each case. 

288. B, In crystallised zinc sulphate, ZnSO, . 7H.jO, 
This salt loses <5 molecules of water at looL the last molecule 
only at a low red heat. Proceed as alxn-e and determine the 
loss at 120-130" : for the last molecule use a porcelain crucible 
an<I heat with the burner to dull redness until the weight is 
constant. 

289. C. In crystallised barium chloride, 

Ba0L.2H,0. 

This salt loses all its water at 113“. Determine the lo.ss at 
120-130“. 

A complete analysis of copper sulphate has now been affected. 
Tabulate the results thus : 
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Found. . Cilciiintcd. : 



n 


Cnp]Hn- (as CuO), - - 2?vifi 



1 

i 

„ (as Cu.S), - (25.46', 

■SO,, - - - . 

4 l'!.A - - - - 28.B0 



' 

1 

: iHgO, - - - - . 7.21 




1 

■T-~ — ■;•■■■ 



1 

1 

' lOO'OO ■ ■ ■:. ' ■ 
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290 . By precipitation as barium sulphate. ( 4*- 
crystallised bariinu ciiloride. Weigh 07-0‘8 j^rs. iriio a ,00 
beaker, add a little dilute HCl, heat to boiling and jire, ipitaSe 





the Ba.SO.i Iw gradual addition of a boiling solution ol sn!]j|uirie 
acid or ainnionium sulphate, i'-'roceecl exactly ns in the f.-^tinia- 

[ 


1 


tion of vSiJ.i in coj)per sulphate. From the weigiu of ISaSt.b 




calculate the amount of Ba. 

' ' 


i ■ 


ESTLMATION OF CHLORINE, 

j 



291 . By precipitation as silver chloride, AgOL 




Weigh 0-5 grams of barium chloridcj dissolve in ■■.vater and 





acidify with nitric acid. Add a solution of silver nitrate uiitil no 


1 

, 


more precipitate forms, and then cither allow to stand overuiglu 


I 



in the dark, or boil gently for fifteen minutes for inuiicaliato ' 

: ,_i 

1 



filtration. I’hc liquid should be protected fn.)in .strong light. 
Allow to settle, and filter, washing by decantation with lint watci, 
and then on the filter until free from silver. Dry, and transfer 

1 : 

- : .1 
! 

1 



the precipitate to a porcelain crucible, ignite over a small fiaiiK- 

1 

I f 


till the chloride begins to fuse, and weigh. Burn tiif filter, 

1 

I 'I- 


place (he asli in the crum'bie and weigh again. Tiiis last 

1 

1 ® 


increase, less the weight of tlu; ash, give.s the weight of siher 


1 


reduced by the burning of the paper,' Calculate the \\eii‘'hi of 
chloride equivalent to this, and add to the weight of the ]irt-cipi- 
tale. Or convert the reduced silver into chloride by jdacing the 
ash on the in\-erlcd crucible lid, adding two drops of strong , 


i 



nitric acid to dissolve the .silver, and then hydrochloric to I'epic- 
cipitatc as chloride. Dry carefully and ignite until fu-sed. From 





the weight of silver chloride calculate that of the chlorine. 

' 

K 





1 
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'Phis iDelhod is a very accura.te one. Conq^are llie vcakiinelric 
estimation of chlorides, etc., by titration rvith standard .silver 
nitrate (264). 

A complete analysis of barium chloride ha.s now been made. 
Tabulate the results : 

Found. 

Barium, . - 

Chlorine, - 
Water, - 


Calculated. 


0-0 


1475 


[ 00-00 


E.ST1MATTO.N OF .SILVER. 

292. By precipitation as silver chloride. Weigh out 
0-5 gram of .silver nitrate, dissolve in water and acidify with 
nitric acid. Precipitate the .silver with a slight e.xcess of hydro- 
chloric acid, and complete tlic estimation .as described above for 
chlorine. From the weight of silver chloride calculate tliat of 
the silver present, 

293. Estimation of bromine in a bromide. Estima- 
tion of Iodine in an Iodide. Weigh out o- 3 - 0'4 gram of 
pota.ssium bromide or iodide, acidify with nitric acid, precipitate 
with a slight excess of silver nitrate, and treat the precipitated 
silver bromide or iodide as directed for silver chloride. 


ESTIMATION OF ZINC. 

294. A. By precipitation as 25inc carbonate, and 
conversion of this into oxide, ZnO. by ignition. Weigh 
out about I gnim of zinc sulphate, ZnSO.t . "llaO, into a largo 
porcelain dish, dissolve in about 100 c.cs. -wfUcr, cover the dish 
with a clock-glass, lieat to boiling, and slowly add solution of 
sodium carbonate in excess. Precipitation is not complete in 
pi-escnce of ammonium salt.s, and these, if present, must be 
expelled by boiling the liqttid containing excess of sodium 
carbonate. .Filter, wash several times by decantation, and then 
on the filter till free from sodium <':ir]>onate. 'Po prevent 
reduction of ZnO in Imrning the filter, and consequent los.s of 
_^ziuLC by volatilisation, the filter, after removing the precipitate a,s 
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completely as possible, may be moistened with a stRm,^■ solntiou 
01 ammonium nitrate and^ again dried, and then burrmr] ahme. 
Ignite the whole until tlfe weight is constant, and frmn the 
weight of zinc oxide calculate that of the zinc, 

295 . B. By precipitation as zinc sulphide in alkaiino 

solution, and weighing the anhydrous ZnB. Weigh 
about I gram of zinc sulphate into a 200 c.c. Ericnirie>-er lla^k, 
dissolve in about 100 c.cs. of water, add AnUJH in siigbi ( xr.ess, 
heat nearly to boiling, and pass a rajnd current of' H„S imiil 
tlie liquid is saturated. Nearly fill the tlask with water s;itumt. il 
with HgS, close it with a cork and allow to stand overuighi. 
Filter, wash with water containing ainmoniutn .sul[iliide. and 
keep the funnel covered with a glass ]>kite. 

The dry precipitate is then transferred to a Rose crucible, tlie 
filter ash added, the whole covered with powdered sulplnu- .-uid 
ignited in a stream of dry hydrttgen. 'I'he ignition is repeated 
until the weight is constant. 

ESTIMATION OF IRON. 

296. By precipitation as ferric hydroxide, Pe{OH),,, 
and ignition of this to oxide, PeyOg. Weigh about 1-5 
grams of ferrous ammonium sulphate, Fe(NH4)2(SOj);. . 61 1 „(■», 
dissolve in 100 c.cs. water, acidify with sulphuric acid, and add 
2-3 c.cs. strong HNOa, Cover the beaker with a clock-glass, 
and boil gezjtly for ten niinutes to oxidise the iron to ferrir salt. 
When oxidation is complete (ascertain this In- mixing a drop of 
the solution with a drop of freshly prc[jared ferricyanide solution 
on a porcelain dish, when there should be no Ijlue colour'., add 
AmOH solution in slight excess, heat nearly to boiling, and 
filter at once, washing by decantation and on tlie filter until 
LSaCU solution produces no turbidity. If ammonium chloride 
was pi-esent in the solution, it must also be completely removed 
from the ])recipitate by washing', testing finally with AgNO., 
solution. 

Dry the precijiitate, transfer to a platinum or jinrcelain 
cruciljle, adfl tlic filter ash, and ignite strongly for 20 minute's 
at a time, until the weight of FcoO^ is constant. From this 
calculate the weight of Fe, 
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ESTIMATION OF ALUMINIUM. 

297 . By precipitation as hydros:ide, Al(OH);j, and 
ignition of this to the oxide, Ai^O;.. Weigh about 1-5 
grams of ]X>tash alum, dissolve in too c.os, water, add some 
umrncuiiuni chloride solution, and prciupitate with a, slight 
exro.ss of AmOH. Boil until the excess of ammonia is nearh- 
ex])e]lcd, nnd then hlter and wash. The prer.i])itate must fie 
strongly ignited, as it retains traces of water to a high tem- 
perature. 

ESTIMATION OF (TIROMIUM. 

298 . A. By precipitation as hydroxide, Cr(OH)3, and 

ignition of this to oxide, Gr-jO,.. Weigh out about i gram 
of chrome alum, CrdSOjj,, . K^SO^ . 24II/), or about 0-7 gram 
of pota.ssiuni dichromate, dissolve in 100 c.cs. 

water. In the latter ease, reduce the dichromate completely to 
chromium salt with sulphurous acid, or by heating with 5 c.cs. 
alcohol and an equal bulk of strong HCl, until all alcohol and 
aldehyde are expelled. Precipitate with AmOH in slight excess, 
and heat until the e.xcess of ammonia is nearly removed and 
the liquid is quite colourless. Complete the estimation as for 
iron or aluminium. 

B. By precipitation as lead chromate, Pb0r04, 
which is weighed. This method is described under lead 
( 304 ). 

E.STIMATION OF NICKEL. 

299 . By precipitation as nickelous hydroxide, 
Ni(OH)M, and conversion of this into oxide, NiO, by 
ignition. Weigh about i gram of nickel ammonium suljdiate, 
Ni(NH j)2fSOj)2 - 61 I., 0 , into a 500 c.c. beaker; dissolve in 
water, adding a few drops of IICl, precipitate with a slight 
excess of sodium hydrate or carbonate, and heat to boiling. 
Wash by decantation with boiling water several times, Vjoiling 
at each washing, and them on the filter until BaCl^ i^roduces no 
turbidity. Dry, and ignite strongly in a platinum or porcelain 
crucible. The residue is NiO. 
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This residue m;iy l>c easily i-educed to metallic nickel hy 
Ruse’s method of heating in a current of hydrogen ( 285 ). 'I'h'e 
reduced metal is alloweti to cool at first in the cuirent of 
hydrogen, and the ignition repealed until the weight of metal 
is constant. 

ESTIMATION OK COBALT. 

300. By precipitation as hydroxide, and reduction 
of this to metal, which is weighed. This is the iuo.'.f. 
accurate method of determining cobalt. Weigh alioul i giiun 
of c(jba.lt potassium sulphate and dissohe in water, or 0 5 grain 
of cobalt oxide and dissolve in a little .strong HCl, evaiuHatlng 
on the steam to ex]j(:l the exe'ess of acid. Dis.suive the residue 
in water, and ])reci))itate the cfjhalt with a .slight excess of 
caustic soda or potash. Heat to boiling and boil ttntil the 
precipitate is almost black. Filter, wash by decantation with 
lioiling water, and then on the filter until free from sulithate or 
chloride as the case may be. Ignite the preciuittue in a 
j)t)rcclain criudble with Rose cover, in a stream of dry hydrogen, 
until the weight is constant. 'Fhe residue is metallic cobalt, 

ESTLMATION CF CALCIUM. 

301, By precipitation as calcium oxalate, CaC^O.,, 
which is converted by ignition into carbonate or 
oxide. Weigh about 0-5 gr. of Iceland spar into a beaker, and 
dissolve in dilute HCl, covering the beaker with a clock-glass. 
Roil to expel cai'bon dioxide, add AmOH in excess, and to the 
hot sijlution add ammonium oxalate solution as long as a 
precipitate forms. Roil for twenty minutes, and then allow the 
precipitate to settle completely. Decant the clear liquid ihrougli 
a filter, and wash several limes by decantation with hot water, 
and then on the filter until comjfietely free fronr ammonium 
oxalate. 

Dry the precipitate in the steam oven, place in a pkitinum tir 
porcelain crucible, burn the filter and place the ash also in the 
crucible. The oxalate m:iy be converted into carbonate 1 >y 
heating gently over a small flame, so that the bottom (T tlie 
crucible is scarcely red. It is better, however, with the tjuantify 
used abox-e, to convert directly into oxide, CaO, by heating for 

B, I'.C, .. 0 - ' 
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twenty minutes over thc^ blowpipe, or with a Meeker burner, 
until the weight is constant. From the weight of calcium oxide 
calculate that of the calcium. ^ 

ESTIMATION OF OXALIC ACID. 

302. By precipitation as calcium oxalate. WTugh 
about 0-8 gr. of pure ammonium oxalate, (N l'l..;.,(AO,i . 11.^0, 
dis.soIve in water, add a little acetic acid and heat to boiling. 
Precipitate calcium oxalate by adding excess of a clear solution 
of . calcium acetate, and treat the precipitate as de.scribed above. 
From the weight of calcium oxide calcuhite the c.([uivalcnt 
amount of (C2O4) or of oxalic acid. 

ESTIMATION OF LEAD. 

303. A. By precipitation as sulphate, PbSO.j, which 
is weighed. Weigh about i gram of crystallised lead acetate, 
l-’bfC^hbjO.^L' . 3I-UO, dissolve in 50-60 c.cs. water, and add a 
little acetic acid. Keep the liquid cold, and add dilute sulphuric 
acid until no more precipitate forms. Add alcohol ec{ual in 
bulk to the liquid, mix well, and allow to stand overniglu. 
This en.sures complete pi-ecipitation of the lead suljdiale, which 
is sligiitiy soluble in \rater alone. Filter, and wash with 50 per 
cent, alcohol until all I-i.,SO,} is removed. 

.Place the dry ]n-ecipitate in a porcelain crucible, burn the 
filter on the crucible lid, and moi.sten the ash with two drops 
HNO;^ and one drop dilute H,,SO,i, to recon\'ert any rcducoi.! 
lead or PbS into PbSO^. Dry carefully, and ignite the whole 
to dull redness until the weight is constant. 

304. B. By precipitation as chromate, PbCr0.i , which 
is weighed. ^\Tngh about O-S-I gram of lead acetate or 
nitrate, dissolve in water, add a little acetic acid and .senne 
sodium acetate solution, and precipitate the lead with exces.s of 
potassium chromate. Allow the precipitate to settle, filter 
through a weighed filter, wash first by decantation with cold 
water and then on the filler. Dry at too” until the weight is 
constant. The residue is rbCrO,,. 

'Phis method may also be employed for tlm estimation (if 
chromium. 


J-EAD-^IAGNESIL'M. 2JJ 

305. C. Lead may also be estimated as sul])liid<> ]*!,*■; 

by the method tiiven^ for copper (in acid solution, 285 ' or tm' 
;anc (in alkaline solution, 295). ' 

ESTIAIATION OF STRONTIUM. 

306. By precipitation as sulphate, Si^SO,j, which is 

i of strontium carl. oik, :" 

SrOO,, and dissolve in dilute HCl, coverinu' the beaker uiil, •, 
rlork-lass. Add 60-70 C.CS. distilled water, and pivripit.ui^ 

the sountium as sulphate, as described alrovc for lead i' 303 ’ 
Strontium sulphate is also slightly soiulrie in wafer 

Dry the precipitate and ignite it as deserihed for barium 
sulphate, f The residue is SrSO,,. 

ESTIMATION OF MAGNESIUM. 

307. By precipitation as magnesium ammonium 
phosphate, MgNH,P0,i.6H.,0, and, conversion of 

into magnesium pyrophosphate 
MgaPA- Weigh out about i gram of magnesium suljiliale’ 
MgS0.f.7H20, dissolve in 50-60 c.cs. water, add .some \nAl 
solution, and then AmOH in excess. If a precipiiate form: 
add more AmCl until it redissolves. Now add excess of sodium 
phosphate and stir well, taking care that the g]as.s rod does not 
touch the beaker. Remove the rod, rinsing it into the beaker, 
cover the beaker with a clock-glas-s, and allow to stand over-niglu. 

E'ilter, and wash with a mixture of i part AmOH (-880' mul 
3 parts water, the precipitate being .slightly soluble in water. 
Continue washing on the filter until the filtrate gives no turhi<litv 
with AgN Q;„ after acidifying with HN Ck. Dry the precipitate, 
transfer to a platinum or porcelain crucible, add tlie lilter ash] 

and ignite, gently at first until water and ammonia are cxp.-lledi 
arul then strongly until the weight is constant. Tin; josidue is 
magnesium pyrophosphate, IVIg^P^O^. From its weight calculau; 
tlie weight of magnesium. 


E.ST 1 MATION OF PHOSPHORIC ACH), 

308. Weigh out about 1 gram of sodium phosphate, 

Na2HP04. 12 H.„, 0 , dissolve in writer, add .some AmOH, and 
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excess of magnesia mixture (a soiution of magnesium sulphate 
or chloride in presence of AmCl and AmOM). and treat the 
precipitate exactly as 'described :ibovc. From the weight of 
]\lg._.l’,,0- calculate that of the phosphoric acid. 


ESTIMATION OF ARSENIC. 


309 . A. The above method may also Ixi used for this 
purpose. The arsenic must be in the form of arsenate, as 
sodium arsenate, NaJiAsO., . i2ll/>. Arsenious compounds 
may be o.xidised by heating in solution widi JlCl and a little 
KCIO.,. When completely o.xidised, make alkaline with am- 
monia, ;md precipitate with magnesia mixture in the hjrin of 
magnesium ammonium arsenate. hlgXH jAstb . blLO. Treat 
the precijdtate e.xactly as the eimresponding ]'jhos|)hate, except 
that it must be ignited, with the Rose cruciljle cover, in a. 
rurrcnl of dry oxygen. When the weight of magnesium 
pyrarsemate, Mg-nAs-jO-, is constant, the amount of arsenic, (m- 
f)f arsenic acid, may be calculated. 

This method is used for the sejiaration of arsenic from anti- 
mony, and also, with a slight modilication, from tin. 

310. B. By precipitation avS arsenic trisulphide, 
AS. 2 S;., which is weighed. Weigh about o-8 gram of sodium 
arseiiite into a 300 c.c. Erlenmcyer flask, dissolve in water, acidify 
\^'ilh irCl, and add a few grams of tartaric acid. Fit the flask 
with a doubly-bored stopper carrying two right-angled tribes, one 
passing to the bottom of the flask for the sigiply of sulphuretted 
hydrogen, and the other ending just beneath the cork, and 
dipping into water in a second flask. This arrangement protei'ts 
the liquid in the finst flask fnm air. The arsenic solution is 
heated nearly to boiling and is then saturated with sulphuretted 
hydrogen. After standing for some time until the precipitate 
has settled, the excess of suljihurelted hydrogen is removed 
from the liquid by pa.ssing a current of carbon dioxide gas, and 
the liquid is then filtered through a weighed filter. After 
washing with water containing sulphuretted hydrogen until the 
washings are free fi'om chloritle, tiie ]irccipitate is dried at 100“ 
and weighed. 

If the precipitate contains sulphur, it must be converted into 
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arsenic ac'id by oxidatinn^ with stnmtt HNO.„ and tlir arsenic 
ll)en estimated as ma^niosuini pyrar.senate as in method 

A volumetric method for the estimation of arsenic is riven in 
par. 276. 

ESTIMATION 'OF ANTIMONY.' 

311. A. By pi*ecipitation as antimony trisulphide 
Sb.S;;, which is weighed. Weigh about 1 gram of tart;,: 
enteti(:y K(SbO)G,jH.jO((, 111 . 30 , and treat exactly tis desc! ii-^.d 
for the precipitation of arsenic trisiilphide, except that the 
sdution should be kept gently boiling during tlte l.atfer oi 
the irreciiritation with .sulphuretted hydrogen. After reniovnig 
the excess of ga.s with carbon dioxide, filter througli a \\cigiicd 
filter, dry at too'' and weigh. 

1 he piccipilalc still (.'.ontains water, and usuaily also sulphur. 
Test a .small portion of the dried preOpitate ?»y boiling with 
strong HCl ; if il dissolvc.s complexly, no free snljihur is j)ie,j,ent, 
and the suljihide must now be rendered perfectly r'lnhyilvous. 
'I'o do this, weigh a portion of the precipitate (dried at lock and 
pre.served meanwhile in the dcsici’ator) into a porcelain boat 
(222). Place this in a glass tnlae nine or ten inches long, and 
heat in a current of dry carbon dioxide until the precipitate is 
quite black. Allow to c(jol in the current of dry gtis, weigh, 
and repeat the ignition until the" weight is constant. If free, 
sulphur is present, tlie same procedure is adopted, Inst the 
temperature must be higher. From this experiment the totstl 
w'eight of SbaS.-j in the original ])recipilatc csin be calcnlalcd, 
and hence the amount of Sb. 

312. B. By precipitation as trisnlphide, and con- 
version of this into antimony tetroxide, SbvO^, by 
oxidation with strong nitric acid. As de.scrilsed si box e, 
pre]):ire the antimony trisulphide, filter through si weighed filter, 
dry sit 100 '" and weigh. 

'fninsfer the bulk of the preci}>itsite, without exsunining forfri’c 
sulphur, to a weighed yiorcelain crucible, and weigh. Moisten 
with a few drops of dilute keeping the crm'iblo coxcred, 

and then csirefully add strong UNO.,, little by little, until the 
precipitate is ju.^t covered. Wlien the reaction subsides, heat 
gently on the .steam until the sulphide is completely o.sitiised, , 
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and tlien eva])or;Ue to dryness. Add a little funiinji HNO,, to 
complete the oxidation, again evaporate to drynes.s, and then 
ignite, gently at first to expel sulphuric acid, and then more 
strongly, until the weight is constant. The residue is Sh^O,. 
Calculate the weight of this which would have betm obtained Irfiin 
the whole of the original precipitate, and fi'om this in turn calcu- 
late tlie antimony, 

ESTIMATION OF TIN. 

313. By conversion into stannic oxide, SnO^, wliich 
is weighed. 

A. Treatment of the metal or its alloys toifli nltrlr add. 
Weigh about 0-3 gram of tin, in the form of fine powder or fiul, 
into a 250 c.c. Erlenmeycr flask, add 20 c.cs. water, and then 
50 c.cs. .strong UNO;; (sp. gr. I-4'). Cover the flask with a, 
watch-glass and keep in the cold until the reaction has subsided. 
Heat tow.'irds the end, adding more HNO;j if necessary, until 
the residue of stannic acid is perfectly white. Evaporate nearly 
to dryness in a porcelain dish to expel most of the nitric acid 
(chlorides must be absent or loss of tin will I'esult by this 
method), extract with hot water, filler, wash and dry the pre- 
cipitate. Transfer to a porcelain crucible, add the ash, and 
ignite over the blowpipe or Meeker burner until the weight is 
constant. From the weight of SnO., calculate that of the tin. 

B. Treatment of solutions of tin. This may be done as 
above, in the absence of chlorides, but it is better to oxidise the 
tin to stannic salt, by warming with HCl and KCIO3, and 
]M'ecipitate the tin from this in the form of stannic acid. Care- 
fully neutralise the oxidised solution with ammonia, add ;i 
quatUity of strong solution of sodium sulphate or ammonium 
nitrate, and warm on the steam for some time. Stannic sulphate 
and nitrate are thus completely decomposed by water, and the 
tin is completely precipitated as stannic acid. Filter, wash first 
by decantation, and then on the filter until free from chhjrides, 
dry, ignite and wcigli as SnOa* 

ESTIMATION OF MERCURY. 

314. A. By precipitating as mercuric sulphide, HgS, 
'Which is weighed. Weigh about 0*5 gram of mercuric 


jMERGURY— CADMIUM 

: . ■■ ■' ■ 

rhlorick- talo a 500 o.o. beaker, dissolve i7',5o~:.c.. «a«a 
acubfy vv„h HCI, warm genlly and saturate wit?, 
hytlrogem AI ow the pfe.pitale to settle, filter il rnu' ■ 

weighed filter, dry at loo" and weigh. > .. 

If the precipitate contains free sulphur, this may he renunod 
liy washing the clry_ precipitate on the filter with carliun dwiil- 
phide, or by warming It in a poirdain dish with a simn- 
" ^^^Iphite, mid again filtering and nashiug. " 

31a B, By precipitating as mercurous chloride 
Hg, 0 l 3 , and weighing as such. Weigh out a little 
curo^ nitrate, dissolve m water containing a few drops of dihiie 
HNO,,^and precipitate the inercnry with a soluli.m of roumiun 
sa t. Allow to settle, filter through a wciglicd filter, wasli v.i!h 
water until free from chloride, dry at roo" and wei-l, 

Mercurous compounds may also lie oxidised ukhaiiiia remi 
anti the mercury then estimated as sulphide. ’ 

ESTIMATION OF BISMUTH, 

316^ By precipitation as carbonate, and ignition of 
this to the oxide, BipOg. Weigh 0-5 gram of liismutli oxide 
or carbonate, dissolve in a little nitric acid, and dilute ivitli 
water. Add ammonium carbonate in excess, and heat ncaiiv 
to boiling for about halt an hour. Allow the jireripitutc to 
settle, filter and wash, dry, ignite and weigh the rcsidiio of 

BioOij. 

ESTIMATION OF CADMIUM. 

317. ^ A. By precipitation as carbonate, and ignition 
of this to oxide, CdO. Weigli about o-8 gr. of cadmium 
sulphate, 3CdS0,j . SIImO, or o-6 gr. cadmium carbonate, Cd(B 
dissolxe in water or dilute HCI in a ,500 c.c, porcelain tlisli, 
and piocccd with the experiment exactly as described for the 
estimation of zinc as oxide ( 294 ). The residue is CdO. 

318. B. By precipitating as sulphide, OdS, and 
■weig’hing in this form. Weigh out and dissohe the 
cadmium salt as above, and nearly neutrali.se the liquid with 
sodium carbonate. Precipitate the cadmium by saturating the 
warm sifiution with sulj;huretted hydrogen, allow tlie pircipitate ^ 


to settle, and filter through a weighed filter. Wash witli vratei* 
ronl'dlning sulphuretted hydrogen, kc(,‘ping' the funnel covered 
with a dot:k-glas.s to prevent contact of the jirecipitate with air 
as far as possilfie, dry at ioo“ and weigh. If the precipitate 
contains free sulphur, thi.s may he removed by the methods 
given for mercury sulphide (314l. 

ESTIMATION OF MANGANESE. 

319. A. By precipitation as carbonate, MnCO;;, which 
is converted by ignition into trimanganio tetroxide, 
Mn;{ 04 . Weigh aliout Q-S gnini of manganoiis sulphatt*, 
Mn.SO.( . jII^O, and dissolve in water, precii'fitate with .sodium 
carbonate and iilter, e.s;a<'tly as described for zinc (294). The. 
manganc.se i.s not rcintpletely precipitated, however, a,nd the 
filtrate a.nd the first tt\o washings must therefore be evaj)orated 
to dryness. The residue i.s extracted with hot water, and the 
small amount of manganese oxide remaining i,s filtered tlnxiugh 
a .small iilter. The two precipitates are then ignited together at 
a strong' red heat, keeping the crucible lid partly oi)en to adsnit 
air, until the weight is constant. The residue is Ain;.;!),. 

320. B. By precipitation as anhydrous sulphide, 
MnS, which is ignited and weighed. This method is 
also an accurate one, and is carried out exactly as described for 
the estimation of zinc as sulphide (295). 

ESTLMATION OF SODIUM. 

321. By conversion into anhydrous sulphate, which 
is weighed. Compountls of sodium with volatile or organic; 
acids arc readily decomposed by heating with a little stirong 
sulphtiric acid, forming sodium sulphate. 

Place 0-5 gram of sodium chloride in a weighed platinum 
crucible, ;uld two drops of sulphuric acid and cover with the 
lid. When the reaction subside.s, warm gently until no more 
HCl i.s evolved. Allow to cool, add two more drops of sulijhuric 
acid and heat, gently at first and afterwards to dull rcdiress, 
until all free acid is expelled. Repeat this treatment till the 
, weight is constant. The residue is Na 2 S 04 . 
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'fliis method a])plies also to the corresponding compounds of 
metals whose sulphates are not decomposed on heatiuj^, ca,'. 
potassium, barium, load, hlc. 

KSTIMATION OF POTASSIUM. 

322. A. The method, given above for sodium nuiy rdsti 
be employed for potassium, in its comj)ounds with volatile oi- 
decomposable acids. 

It By precipitation as potassium platinichloride, 
KyPtOlij, which is weighed. In a porcelain dish 
O-3-0-4 itram of potassium chloride, dissolve in a little uatcr, 
add a few drops of dilute HCl, and excess of platinum diloiido 
solution. The double salt sejtarales slowly, but is slijditl)' 
soluble in water. Evaporate, therefore, to dryne,ss, allow tci 
cool, and extract with 50-60 c.cs. alcohol. If iliis does not 
liecome yellow in colour, mure platinum chloride must be a-dded, 
and the evaporation and extraction with alcohol reijoated. 
Filter the heavy, yellow precipitate throuyh a \veiyhed lilter. 
wash with alcohol, dry at 100“ and weiyh. The ■ residue is 
KijPtGlo. 

Instead of weighing the potassium platinichloride on a tared 
filter, it may be filtered, dried, and ignited in a porcijlain 
crucible, when a residue of metallic platinum and i)otassium 
chloride, Pt’+ 3KC1, is obtained. 

This method serves for the separation of jiotassium frf)m 
sodium, the platinichloride of the latter being soluble in water 
or alcohol. 

ESTIMATION OF AMMONIUM. 

323. A. By precipitation as ammonium piatinichlo- 
ride, (NH.i)2Pt01.t. The procedure is exactly tliat described 
above for potassium, and the precipitate may either be collected 
on a weighed filler and weighed as such, or ignited m the 
porcelain crucible, when metallic platinum alone remains. 

B. Ammonium is usually determined by distillatioii 
of the ammonium compound with excess of caustic alkali, the 
liberated ammonia being collected in an excess of acid, and 
determined either as platinichloride, or volumctricallj'. For 
the latter method see par. 244, 


324. By reduction to ammoiiia. If the nitric acid is 
free, it must be neutralised with sodium or potassium hydrate, 
and the resulting solution used. 

Weigh out about i gram of potassium nitrate into the fla.sk of 
the ammonia distillation apparatus (Fig. 55, par. 244 ), add 
10 grams of zinc dmst and some fine iron filing.s, and connect 
the flask with the receiver, in which is placed 25 c.cs. of normal 
.sulphuric acid. Other reducing agents may be used, such as 
the copper-zinc couple, aluminium amalgam, Devada’s alloy, 
etc. To the flask add now a solution of 15 grams caustic 
soda in 80-100 c.cs. Water, and warm gently. Continue the 
distillation until all the ammonia has passed ovei'. This will 
occupy about one hour. Titrate the excess of acid in the 
receiver with normal alkali, and thus determine the ammonia. 
The cakulatipn is simple.' , 

325. B. By ignition of the nitrate witli silica, whe 
nitric anhydride is expelled. 

Powder some quartz, or purify some fine sand by digesting 
with strong HCI, washing and drying. Place several grams in 
a platinum crucible, and ignite until the weight is constant. 
Now place about 0-5 gr. of the dried nitrate in the crucible, mix 
it with the quartz by means of a platinum wire, and weigh 
again. Heat gently for about half an liour, cool and weigli, and 
repeat till the weight i.s constant. 'Die loss in weight is the 
nitrogen pentoxidc, N^O-. 

E.STIMATIOX OF C.ARP.OMO AOID. 

326. A. By decomposing the carbonate and finding 
the loss in weight due to the escape of carbon 
dioxide. 

The dccom]3osition may be effected either by ignition (in 
some casts only) or by treatment with acids. 

Carbonates of roppei-, nickc;!, zinc, magnesium, etc., arc 
readily decomposed on ignition, leaving an oxide of known 
compo.sition. I’he carbonate sliould be dried at no"’ Ijcforu 









estimation (JI' CARIiONIC ACID, 


jonaU's are do(:c)m])ost;ci by treatment uitlt bydio 
id. The exiJerimeni may be carried cut in ihi- 
apparatu.s i l‘’i».' bo), or a sim|iier biu l(‘.s=. acc-drat<- 
oil. In the former, which is made eniircly of plass, 
■hhjric acid (equal parts of slronjt' acid and v.ati'f) i^ 
in tile tube n, while the e.scapiny carbon dioxide is 
iieinq' caused to jiass throujth sulphuric arid in llie 
The apparatus is chai>;cd with the.se ticids and 



is contained in the round flask (lOO c.cs.)j which is fitted with a 
rubber stopper carrying- a tap-funnel reaching to the. bottom of 
the flask, and a deliveiy tube. The latter should be of one 
])iece of glass, and connects the flask with the first U-tube. 
This is filled with anhydrous calcium chloride, to dry the gas. 
The second U-tube is filled for the first two-thirds of its length 
with small fragments of pumice impregnated with anln'drous 
copper sulphate (by soaking in strong copper sulphate solution 
and gently igniting the drained material), which reinoves 
hydrochloric acid from the gas. The remainder of tlie tube is 
filled with calcium chloride to retain traces of moisture from the 
copper .salt, the two materiai.s being separated I'ly a plug of glass 
wook The gas is then absorbed in the potash bulbs, which 
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In the simpler a])paratus a stnall (50-100 c.cs.) Erlenineyer 
flask contains the hydrochloric acid, the substance being placi'd 
in the small tube, which is suspencleu by means of a platinum 
wire or cotton thread held between the rubber stopper and the 
neck of the flask. The carbon dioxide is dried in the ralrium 
chloride tube, and the other tube, which is drawn out to a 
narn,tw upturned capillary dipping into the liquid, serves for (lie 
admission of air. The procedure is similar to that with the 
Schrotter apparatus. 

327. B. By decomposing the carbonate and absorb- 
ing the carbon dioxide, ■which is then weighed. 

The apparatus shown in Fig. 62 may be employed for this 
method, which is a very accurate one. The weighed carbonate 



ESTIMATION OF SULPHUR IN SULPHIDES. 


221 


contain a strung solution of caustic potash (i part) in water 
(2 parts). 

The potash tube is caitefully weighed, and connected to the 
U-tube by a short piece of tightly-fitting rubber tube. The 
■dass tubes .should ire in contact, and the rubber fastened on 
each by a single turn of thin ctjpjier wire. A little water is 
a,dded to the carbonate, in tire flask, and hydrochloric: acid is 
then slowly added from the funnel, until all the carltunate is 
decomposed. 'Phe flask is then gcrntly warmed, and air slcnsly 
aspirated through the appa,ratus until 5-6 times tire volume of 
the latter has been passed, 'lire air thus drawn into the 
api^aratus is first freed from carbon dioxide in the sni.all sod.c- 
li.me tube attached to die top of the funnel. The potash tube is 
then detached, and the ends are at once clo.sed by means of 
rubl-ier c'aps. It is allowed to cool in the balance-room ferr half 
an hour, and weighed. 

[sjoie . — In weighing com})aratively large glass vessels such as 
these, the weight will be found to increa.se slightly during the 
operation of weighing, owing to slow condensation of moisture 
on lire surface of the glass. The apparatus should be- wi}jed 
carefully with a silk cloth immediately before' weighing, taking 
care not to warm it by contact with the hands. I hen weigh 
always at the same speed, and correct difierences of rveight will 
be obtained. 

ESTIMATION OF SULPHUR IN SULPHIDES. 

328. A. By oxidation to sulpliuric acid, and con- 
version of this into barium sulphate, which is 
weighed. 

r. Place 0-5 gram of finely-pow'dcred zinc blende or c'oppcu’ 
pyrites in a nickel crucible containing a niixtute of 3 g^arn,. 
potassium nitratcr with 4 grams anhydrous sodium carbonates cu- 
3-4 grams of sodium pen^xide with 2-3 grams carbonate. Msn 
by mc^ans of a platinum wire or glass rod, and heat tlui coveu-ed 
crucible, gently at first, and finally until the contents are mum 
pletely fused. W'iien cool, extract with hot water, filter, ai iditj 
with hydrochloric acid, and proceed as in the dcternunation o 
sulphuric acid. 
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2 . The oxidation may also l^c oltectod by nilric 

aciil. Woi^ii the sulphide into a tinsk, phu'c; a filtc;r funnel in 
the neck, and through this add some of the acid. When the 
nrst violent reaction i.s over, warm the flask gently until the 
oxidation is complete, and any free sulphur dissolved. Rinse 
the funnel, dilute with tvater, filter and determine the suljjhurie 
acid, as usual. 

3 . Solutions of sulphuretted hydrogen, or ch" alkaline 
sulphides, may be oxidised with bromine water. This is addeil 
in excess, the liquid warmed for lialf an hour, then boilcal to 
expel the free ijroininc, and the sulphuric acid determined with 
barium chloride. 

B. A volumetric method of determining suljihuretted 
liydrogcn by means of standard iodine is descrilred in jrar. 280. 

SEPARATIONS. 

ANALYSIS OF A .SILVER ALLOY. 

329. Weigh accurately one half of a threepenny piece, place 
in a porcelain dish, cover with a clock-glass, and add a little 
water and strong nitric acid. When the metal is di.s.soivcd, 
rinse the clock-glass into the dish, and evaporate to expel most 
of the nitric acid. 

Add water, transfer to a beaker, and precipitate the silver as 
cTloricle. Filter, wash only on the filter and not by decantation, 
adding the first two tvashings to the filtrate. Complete the 
washing and further treatment of the preci])itate as described 
for the e.slimation of silver (292 j. 

'Phe copper in the filtrate may be e.stimated as sulphide (284) 
by precipitation with sulphuretted hydrogen, or ]>y tlie thio- 
cyanate method. For the latter, the liquid must nut contaiir 
free nitric, acid. Neutralise this by adding ammonium hydrate 
until a slight precipitate is produced, then add some freshly 
])repar(al sulphurous acid, and excess of ammonium Lliiocyanate. 
'The co))])er is completely precipitated as white cu])r(>us ihio- 
t’yanate, Cu. 2 (SCN) 2 . 'Phis may be filtered through a weighed 
filter, dried at 100 " and weighed, or Ignited with sulphur in a 
Rose crucible, when cuprous sniphldc remains. 




aFrARATlONS. ,,, 

SKI'ARATION OF IRc'jN a,ND MANGAKESK. 

330. Whc-n these two jnetal-s occur together, as in ihiueiais, 
the pieci])it.ition ot iron as lerric hydroxide always briisgs o'tjv. a 
some of the manganese. To effect the separation of th^rnictats, 
the non (and aluminium, if present,! is tirst jwccijMtateii as t.asi- 
teiiii acetate, tire manganese lieing left in solution and dc ii-.'- 
mined in the filtrate. 

For jn-aefise in tlie. method, weigh accurately about i men. 
of ferrous ammonium sulpliate and o-8 gram «)f nianga'uo.;.^ 
sulpltate into a c.c. beaker, ilissolve, and oxidise tlie ir'ai 
by boiling with nitric acid. .\dd annnoninm carbon.'ife sohi-is :) 
gradually, keeping the l)eakt'r oovfu-eii, until a veiv rJighi 
precipitate nanains undissoivcd. 'J’he litjuid is now deej. 
reddi.sh-brown in colour. Now add a litlli! acetic :u:,l m 
reclissolve this preriiiimte. :uh 1 t)u;n a quantity of ammonimn 
acetate solution. Heat to boiling, nlien the reddisiobr. u’o. 
precipitate of iron acetate gradually fonn.s, and continue huilmg 
until the lii|uid, aitci standing' a lew minulcs to alhnv the 
precipitate to settU', is ],)friectlv colourless. 

F liter the liquid as quii'kiy a.s jiossible, transfer the )»« ripitate 
to the filter, and nash twice valli boiling water. 'I'o renov-c a 
small quantity of manganese, which may be contained in the 
pi'eci])it.'Uc, rcdi.ssolve the latter in hydrochloric mad, mid 
rcprccipitate the iron from this solution exactly as descrih’td 
above, filter at once and wash the precipitate on the tiher 
with boiling- water, adding the first three washings 10 the 
nitrate. Combine the two filtrates and estimate tiie man- 
ganese as descrdied below. The precipitate may be- again 
redissolvcd in h\’drochloric acid and the iron procipitalcil 
by ammonia, or it may be ignited at once, when fenic o.viiic 
remains. 

To estimate the manganese, the carbonate or sulpiiidc met hod 
(319, 320) may lie employed, but it is belter, fur the separation 
of mangane.se in mineral analysi.s, to proceed a.s follows, .\(hi 
bromine water to the filtrate until it ba.s a strong xellou (oloia, 
then add cxre.s.s of ammonia, uann the Ihpiid and allow to stand 
o\-ernight in a warm place. I'dlter, wash .and ignitr' iVic 
precipitate. The residue is Aln^O^. 'I'o.sr the filtrate with 




f 
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more bromine water and ammonia uj 
manyancse is left in solution. 


make sure that no 


SEPARATION OF IRON AND ALUMINIUM. 

331 . These metals are precipitated together as hydrates or 
basic acetates, and there is no rcdialtle gravimetric method <jf 
.separating them, although potassium hydrate is f)ften ernploj-ecl 
for this purpose. 

W'eigh out about i gram each of iron alum and pmash alum 
and dissolve in a little water. If an acid solution is being 
examined, it should be nearly neutralised. Pour the neutral or 
slightly acid solution into 50 c.cs. of a strong solution of 
potassium hydrate, which is kept just boiling, with constant 
stirring-j in a platinum or silver dish. Ferric hydroxide is 
prcci]3itatcd, and is filtered and washed, redissolved in hjairo- 
diloric acid and reprecipitated by ammonia, to free it from 
potash. The aluminium is determined in the filtrate by neu- 
tralising with hydrochloric acid and then precipitating with 
ammonia. 

The most accurate method, however, is as follows. Make u]i 
the solution to 250 c.cs. with distilled water ; of this solution 
take TOO c.cs. and determine the iron and aluminium together 
by }wecipitating wnth ammonia ( 296 ). 

Then e.stiinate the iron in the original solution by reducing 
portions of 25 c.cs. and titrating with standard dichromate ( 260 ). 
From the weight of iron found, calculate that of FcgOy in the 
combined Fe20s-fAl203 precipitate, and thus find the weight of 
alumina. 

.ANALYSIS OF DOLOMITE. 

332 , In this and all other complex analyses it is nece.s.sary 
first to make a complete qualitative analysis, and tlien to 
prepare a scheme for the separation and estimation of tlie 
constituents which have been found. In the case of dolomite 
and olher limestones, it will be necessary in general to estimate 
the insoluble matter, iron, aluminium, manganese, calcium and 
magne.sium, and also carbonic acid and moisture, Orind aljout 
10 grams of the sample to line p(AYdcr, and place it in a 
weighing bottle. 




■vnalvsis of dolomite. 


333, Iijstiraation of iiisohible matter. WViyis abort 

2 of the powder into a porcelain dish, cover .i 

clock-glass and add hydrbcliloric acid little by little urci'] sl,^ 
ehervcscence cease.s. Add some more hydrocliluri*. a. i.;, a 
little nitric^ acid, and evaporate on the water-bath I'j ce.nr.'it ti 
drpiess. ^ Heat the residiu; with a little stiong jtydrochV'.rir 
acid to dissolve all the .-.olulile portion, and hot water nlte- 
wash, dry and ignite the insoluble matter. Thi.s consists uJmW 
of silica, and clay. . : " 

334, Estimation ofiron a, nd a Inminmm, Ifmaricane:,, 

is ab.scnt, tin,; inni and aliirnininm maybe precipitated leva tlir ;• 
iis hydrates, with ammonia, the jiredpitate filtered, redisv-.b, < ('’ 
in hydrochloric acid, an<i reprecipilated with amtiionia. ;n 
leintnc tia.ces of ctdciuni present in the first preciiiitatc. 'j'lu' 
ignited residitc oi iron and .ilinniniuin oxides, .iftei w* iuici;,.', 
is dissolved by digesting for a long tinn; with strong ir.uio 
rliloric acid, the iron reduced with zinc or siilpluirons acid .n.,! 
o.stimated with st.andard dichroinatc, 

335, Estima.tioii of inang’anGSs. If manga tic.sR is pn^s 
ent, tlie iron and aluniiniinn are precipitated as acelatf,-,. a-, 
described in par. 330, and the maiigtinesc determined In 
precipitation as hydrated peroxide, and ignition to Mn .f», '330\ 
^ 336. Estimation of calcium. The filtrates and wasliing- 
from the iron, aliirninimn ;uicl rntinganese precipitates arc ioin- 
bined, and. evaporated n neccssart”. If there is ninrb Ima- nv 
the rniner.'d, take one half of the liquid, make alkaline widi 
ammonia, a,nd precipitate the calcium as oxidate, by .adtline 
excess of ammonium o.xalatc to the boiling liquid. Filter, voish 
two or tliree time.s, and rcdi.ssolve the precipitate in liydm- 
chlorir ;u'id. Agiun precipitate with ammonium oxiilale, an.' 
estimate the calcium :ts oxide, as descrihed in par. 301, ’J In* 
solution and reprccipiiatinn of the calcium oxalate rianoves mty 
magnesium which may bo present in the first precipitate. 

337, Estimation of niagnesimn. Evajiurate the nlitiii*- . 
and wa.sliings from the caicinin precipitates to dryness in a 
6-iiich porcelain dish, and ignite on a sand-bath until nciirlv all 
ammonium salts are exjjelled. These, when present m es< f ■ 
prevent the roiiiplete preeipitation of inagne.siuin. 

'To the residue tulcl a. little hydrochloric acid, heal on tlic 

K. I’.C. l* * 
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stcam-liath, add hot water, and iillcr if necessary. Make llie 
solution alkaline with ammonia, and precipitate the magnesium 
as magnesium ammonium phosjihaitr. Treat this as described 
in par. 307, 

338. Bstima,tion of carbon dioxide. M’eigh accn- 
lately i>5-2 gi’am.s of the jjowdercd mineral into the flask oi tin: 
carbon dioxide apparatus (327), and determine the carbon 
dioxide exactly as dcscribetl. 

The potash tube should be recharged when about half tin- 
quantitv of carbon dioxide corresponding with the Minount ot 
potash it contains has been absorbed. This can be ascertained 
from the increase in weight in successive estimations. 

339. Estimation of moisture. Weigh almut 2 grams of 
the powder in a watch-glass, which is covered by a second 
watch-glass, the two being held together by a brass wire dip. 
Remox’e the ujipor glass and heat the powder foi- an hour in the 
air oven at 200 “ C. Allow to cool in the desiccator, after replac- 
ing the cover glass and clip. Repeal the heating until the 
weight is constant. The loss in weight is due to the moisture. 


INDIRECT ESTIM.^TION OF ALKAUE.S IN ROCIiELLE 
SALT. 

340. The metals .sodium and potassium are contained in 
Rochelle salt in equivalent ciuantities, and in many other com- 
pounds, such as glass, felspans, etc., they occur in varying 
proportions. In both cases they may be estimated, without 
separating the potassium as potassium platinichloride (‘322 B), 
by the following method. 

Weigh about 2 grams of Rochelle salt into a platiuuin 
crucible, and heat gently until the water of cry.sta]lisati(jn is 
expelled and the salt begins to char. Increase the temperaiure 
gradually until the crucible is at a dull- red heal. 'I he salt 
is now completely decomposed, and the metals remain as 
carbonatc.s, 

ILxtnict with hot water, filter off the carbon and wash 
thoroughly with hot water. Acidify the solution with hydro- 
chloric acid, and evaporate to dryness in a platinum dish on the 
water-bath. Dissolve in water and again evajwrate to dryness. 


AL-KAIJJ’.S IN" ROniELTvF, .SALT. 


to expel free liydroi'hioric acid, and tlien heat tlie residiu- to 
r-,0 in the an'-hath until the weight is constant, 'i'hi.s eivcs 
the weigiit of mixed chloridtes. 

Again dissolve in water, and determine the chlorine bv 
tilialion with silver nitrate ( 264 ), or gravinietrically ( 291 ;. 

I he amounts of sodium and potassiinn may now be erdrn- 
latcd. r.('i .id = weight of chlorides, //---weight of silver cliinridi-. 
.1 --neiglit ot .sodium chloride tind (yf -~.i')~iveig!it of jiojassiuni 
clihn-ide. Then we have 


58-5 '■ 




from which x and (. 4 -a:) may be found, and fioin the*-*-, tin- 
weights of .sodium and potassium. 

Ihe indirect method may also be apfilied to the (icievmm.iiiun 
of mixtures of carbonates by estimating the c'arbon flioxidc, 
mixtures of sulphate..s, and many othens. 



Element. Symbol 

Atomic 

Weight. 

0 = 1 6. 

Specific 

Gravity. 

Specific 

Heat. 

Melting 

Point. 

“C. 

Boiling 

Point. 

"(1 

Aluminium - 

A1 

27-1 

2-6 

0-2I8 

656.4 

■ ■ 

Antimony 
Argon - 

Sir 

A 

r 20-2 

39-9 

6-8 

1-385* 

0-0516 

630-5 
- 189-6 

-- i86-i 

Arsenic - 

As 

75-0 

5-73 

0-083 

500 


Bariiim - 

Ba 

i37'37 

3-78 

0-05 

ca 850 

ca 1 1 50 

Bismuth 

Bi 

2oS-0 

9-75 

O-030S 

264 

ca 130a 

lioron - 

B 

II-O 

2-45 

0-24 



Bromine 

Br 

79.92 

3-2 

0-0843 

-7 . 

59 

Cadmium 

Cd 

112.40 

8-6 

0-0567 

321-7 

77S 

Ctesium - ■ 

Cs 

132.81 

1-S8 

— 

26-4 

670 

Calcium - 

Ca 

40-09 

1-59 

0-170 

Soo 

■— 

Carbon - 

C 

12-00 

3-52 

0-1469 

— , 

— 

Cerium - 

Ce 

140-25 

6-8 

0-0448 

623 

-- 

Chlorine 

Cl 

35-46 

2-491* 

~ 

- 102 

“ 33'6 

Chromium - 

Cr 

52- 1 

6-93 

0-1216 

(2000) 

— 

Cobalt - 

Co 

58-97 

8-8 , 

0-1067 

1530 

— 

Columbimn - 

Cb 

93-5 

12-7 

0-07 1 

ca 1950 

— 

Copper - L - 

Cu 

63-57 

■'^•95 

0-093 

^ 1082 

~ 

Dysprosium - 

Dy 

162-5 


— 


— 

Erbium - 

Er 

167-4 

■ — . 


■■■ 


Europium 

Ell 

152-0 

... — . 

— 

, 

~ 

Fluorine 

F 

:l9-o 

1-31* 

— 

- 223 

- 187 

Gadolinium - 

Gd 

IS7-3 


— 

■■ 

— 

Gallium : - 

Ga 

69-9 

5-9 

o-o8o 

30-1 

— 

Germanium - 

Ge 

72-5 

5-47 

0-0737 

900 

■ 

Glucinum 

Cd 

9-1 

1-93 

0-4246 

(900) 

~ 

Gold - 

An 

I97-2 

19-3 

0-0324 

1 06 1 -7 

(ca - 26S) 

1 [cliuin - 

He 

4-0 

0-1376* 



Hydrogen 

H 

i-oo8 

0-0695* 

ca 6 

-258 


Indium * 

In 

114-8 

7-12 

0-0569 

155 

— 

Iodine - 

I 

126-92 

4-95 

0-0541 

1 14-2 

1 84 

Iridium • 

Ir 

I93-J 

22-4 

0-0326 

2000 

— 

Iron 

Fe 

55-85 

7-S4 

O-IIO 

ca IS7S 

— 

Krypton 

Kr 

Si-8 

2-8215* 

— 

— 

-151-7 

Lanthanum' - 

La 

139-0 

6-154 

0-045 

Sto 

— 

!..ead 

I’h 

207-10 

11-36 

0-0315 

326 

— 


* Spedfi(f gravity of gas, air=i. 





Lithium - 

Lut:ecinm 

Magnesium - 

Manganese - 

jMerciuy 

Molybdenum - 

Neodymium - 

Neon 

Nickel - 

Niivogen 

Osmium 

('txvgejl - 

Palladium 

Phosphorus - 

Platinum 

Putiissium 

Pniseodyinium 

Rndiuni - 

Rhodium 

Rubidium 

Ruthenium - 

Samarium 

Scandium - 

Selenium 

Silicon - 

Silver - - 

Sodium - 

Strontium 

Sulphur - 

Tantalum 

Tellurium 

Terliium 

Thallium 

Thorium 

Thulium - 

Tin - - 

Titanium 

Tungsten : - 

Uranium 

Vanadium 

Xenon - 

Ytterbium 

Yttrium” 

Zinc 

Zirconium 


Atd'KNOiX. 

I Atomic 

•1 t'dielu .« 

O- ,d luavilj. 


7-00 

0-59 

174 

__ 

24-32 

i -75 

54 - 9.5 

ca 8 

200-0 

I 5 -60 

96-0 

9-01 

144-3 

6-96 

20 

0-6915 

58-68 

S.8i 

14-01 

0-9672 

JOO-f) 

22-48 



Aleluiic ' lii.iliti" 


i %2-7 , ca iiffo 
12^5 

L- “'39. - : .is; 

. S40 „„ 

, 1 . 1^4 : 

■ 105 

ca 24C'0 . — 

inti. -224 -1.SJ5 

ea isji 

44 -,-; 290 

ea 175U ; 

*'"■3 757 

94 0 , 

(IQOO) . : ; 

3''’‘5 but) 

(2000) : 

ca 1350 — 

217 cabSo 

(laoo) 

960-5 

9 S ;6 877 ’5 

ca Sco 

114-5 44^ '4 

ca 2270 — 

452 


0-055 
0-1125 
0-0340 
0-0276 , 


0-093 

0-0660 


Speciiic gravity of gas, air=:i. 


0 
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343. Sulphuric Acid. 

Specific Gravity and Concentration of its Solutions. 
(Lunge and Isler.) Temperature 1 5/4. 


Specific 

Gravity. 


Specific 

Gravity. 


0- 9992 

1- 00503 
I -01005 
1-01508 
I -02010 

1-02513 
1-03016 
1-03518 
1-04021 
1-04524 
1-05026 I 


05529 

06031 

06534 

07037 

07539 

0S042 

oSS45 

•ot)047 


7 . 

specific 

IICl. 

Gravity. 


Per 

Cent. 

Specific 

Gravity. 

Per 

Cent. 

Specific Per 

Gravity. Cent. 

32-28 

1-480 

57-83 

I ■720 78-92 

34 -S 7 

1-500 

59-70 

1-740 

S0-6S 

36-87 

1-520 

61-59 

1-760 

82-44 

39-19 

1-540 

63-43 

1-780 

84- 50 

41-50 

1-560: 

65-08 

i-Soo 

86-90 

43-74 

I-5S0 

66-71 

i-Sao 

90-05 

45 -SS 

I -600 

68-SI 

1-827 

91-50 

48-00 

1-620 

70-32 

1-S34 

93-05 

50-11 

1-640 

71-99 

1-839 

<15-00 

52-15 

1 -660 

73-64 

1-8415 

97-00 

54-07 

I -680 

75-42 

1-8400 

98-70 

55-97 j 1-700 

77-17 

1-8385 99-95 
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345. Nitric Acid. 

Specific Gravity and C%nceutraliu7i of its So!uti<jiis. 
(Lunge and Rey.) Tempenilnni 1 5 '4. 


Specific 

Gravity. 


I-OOO 

1-015 
1-030 
I -04s 
1-060 
1-075 
1-090 
1-105 

I -125 

1-140 

1-150 


7 o 

HNOs 


O' 10 
2 -8 o 

5-50 

8-13 

IO-6S 

13-15 

iS -53 

17-S9 

21-00 

23- 31 

24- 84 


Specific 

Gravity. 


1-165 

I-1S5 

1-205 

I- 2 K 
1-225 
1-245 
I -260 
1-280 

I -2go 

1-305 

1-320 


7 „ 

i-ma, 


specific 

Giavily. 


27-12 

30-13 

33- 09 

34 - 55 

36-03 

39-05 

41-34 

44- 41 

45 - 95 

48-26 

50-71 


1 - 3 .io 
1-345 
1-360 
J -375 
I -390 
J -400 
r-410 
I -420 

'-430 

1-445 

1 •4()0 


7 . 

UNO,. 


Specific 
fiia-i ity. 


HXfi, 


52-37 

1-475 

8^ 

45 

54-93 

! •■465 

87 

70 

57-57 ■ 

! , J- 5 w> 

' 0.4 

r.() 

60-30 ; 

i-. 5 f 4 

90 

r>M 

63-23 ' 

i 1 S ‘-9 

■Uty 

79 

6s-.?o 

i i- 5 o 8 - 

‘>7 

.V' 

07-50 : 

!-5io 

Vf8' 

Id 

6t)-So , 

j 15.2 

qS 

5 .-? 

72-17 , 

*• 5(5 

001)7 

75-98 ' 

i 1-517 j 

00 

.51 

7998 , 

i 1-520 J 

99-97 


346. Ammonia. 

Specific Gravity and Concentration of its Solntions. 
(Lunge and Wiernik.) Tenipevulure 


Specific 

Gravity. 

7 ,. 

NHf,. 

.specific 

Gravity. 

7 . 

NHa. 

Specific 

Gravity, 

■h 1 

NH,,. 

1 

.Specific 1 
Goiviiy. 1 

'-4 

Xu’s;. 

I-OOO 

0-00 

0-970 

7-31 

0-940 

15-63 1 

0910 ' 

34-99 

0-99S 

0-45 

O-96S 

7 -82 

0-938 

16-22 1 

0-908 1 

35-65 

0-996 

0-91 

0-966 

8-33 

0-936 

16-82 1 

0-906 1 

26-31 

0-994 

1-37 

0-964 

8-84 

0-934 

17-42 j 

0-904 ; 

2&-98 

0-992 

1-84 

0-962 

9-35 

0-932 

18-03 ! 

0-902 1 

37 '>5 

0-990 

2-31 

0-960 

9-91 

0-930 

18-6.4 

0-900 1 


0-988 

2-8o 

0-9.58 

10-47 

0-928 

19.25 ; 

0898 1 

29-01 

0-986 

3-30 

0-956 

11-03 ' 

0-926 

10-87 1 

tS'S'nO j 

29 '(i (4 

0-084 

3-8o 

0-954 

11-60 ! 

0-924 

20-49 1 

o-8ot . 


0-982 

4-.30 

0-952 

12-17 , 

0-922 

21-12 1 

c>-S((2 1 

31-05 

o-oSo 

4-80 

0-950 

13-74 i 

0-920 

21 - 75 : 

0800 i 

.-51 75 

0-978 

S-.30 

0-94S 

13-31 - 

0-918 

22-39 , 

0 S8N i 

53 50 

0-976 

S-So 

0-946 

13-88 ; 

0-916 

33 - 0.3 

0 S-S(> i 

3 . 5 - 3.5 

0-974 

6-30 

0-944 

14-46 ! 

0-914 

23-68 - 

.0-884 j 

.54 10 

0-972 

6-80 

0-942 

15-04 j 

0-912 

24-33 ' 

0-882 

34 -fi .5 



1 I 
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INDEX. 


The numbers 


.■\ceUiIdchyflt.;. 79. 

— veuctions of, 80. 

Acetic acid, S2. 

— reuolion.s of, 83. 

— estimation of, iSo. 

Acetylene, 73. 

— tetrabromide, 74, 

Acidimetry, 174. 

Acids, organic, molecular weights 
of, 100. 

— detection of, 159. 

Air compressor, 14. 

Alcohol, ethyl, 75, 76. 

density of solutions of, 235. 

reactions of, 76. 

oxidation of, 79. 

r— methyl, 88. , 

Aldehyde ammonia, 81. 

Alkalies, indirect estimation of, 
226. 

Alkalimetry, 174. 

Alum, chrome, 24. 

— iron, 26. 

--- potash, 34. 

Aluminhira, estimation of, 208, 
234, 225. _ 

— reactions oi, 117. 

— chloride, 34. 

Ammonia, 29. 

Ammonium, eslimation of, 1S2, 
217. 

, — reactions of, 126, 

— hydroxide, density or solation.s 
^ ' of, 233. 


refer to fages. 


Ammonium, nitt.iie, 60. 

— sulphides, 64. 
i\nalytical tables, J4S. 

Antimony, estimation of, 197, 213. 

— reactions of, no. 

— trichloride, 63. 

Arsenic, estimation of, 197, 212. 

— reactions of, 108. 

Arsenic acid, 67. 

— estimation of, 197. 

— reactions of, log. 

Arsenious acid, estimation of, 

196, 

— reactions of, 109. 

Ash of filters, 200. 
xispirators, 13. 

Atomic weights, 228. 


Balance, the, 163. 

— theory of. 165. 

Barium chloride, 40. 

— ditbionate, 53. 

— e.stimation of, 205. 

— group, separation of, 123, 154. 
Bismuth, eslimation of, 215. 

— reactions of, 106. 

Boiling point, correction of, 95. 

— determination of, 95. 

Boric acid, reactions (?f, 136. 
Bottles, weighing, 167. 

Bromine, estimation of, 192, 206. 

— in bromine water, 194. 
Burettes, 168. 

— calibration of, 170, 


INDEX. 


Gadmium, estimation of, 215. 

— reactions of, loS. 

— sulphide, 65. ^ 

. — yellow, 65. 

Calcium, estimation of, 1S7, 209, 
225. 

. — reactions of, 1 24. 

— chloride, 40. 

Calibration of apparatus, 170. 
Carbon dioxide, 29. 

- — monoxide, 30. 

Carbonic acid, estimation of, 218, 
220, 230 . ^ 

— reactions of, 131- 
Chloric acid, reactions of, 131. 
Chlorine, 28. 

— estimation of, 191, 205. 

— in bleaching powder, 196. 

— in chlorine water, 194. 

— ill tap water, 192. 

Cliloroform, 86. 

Chromates, reactions of, 116. 
Chrome alutn, 24. 

— yellow, 59. 

— red, 59. 

Chromic chloride, 35. 

Chromium, estimation of, 208, 
210. 

— hj^drate, 47. 

— reactions of, 115. 

— sesquioxide, 47. 

— trioxide, 58. 

Citric acid, reactions of, 92. 
Coliali, estimation of, 209. 

— reactions of, 122. 

Common salt, purification of, 27. 
Copper acetate, 63. 

ammonium sulphatCj 26. 

— estimation of, 201, 203, 222. 

— group, .separation of, 112, 150. 

— oxides, reduction of, 48. 

— reactions of, 107. 

— sulphate, : 56. 

Corks, 2 . : ■ 

Cork -borons, 2. 

Cream of Tartar. 00. 

Crv'^tals, growth of, 8. 
Crystallisation, 7. 

— fractional, 7. 

Crusher, steel. 4. 


Cupric chloritle, 39. 

oxide, reduclion of. 48. 
Cuprous acetylide, 74. 

— chloride, 39. 

— oxide, 45. 

Cyanogen adds, detection of, ifn. 
Cylinders, measuring, jiiS. 

Desiccators, 17. 

-—vacuum, 17. 

Dolomite, analysis of, 224. 
Drying agents, 18. 2i. 

— apparatus for gases, 20. 

— ^ ovens, 19. 

Equivalents, 171, 

— determination o(, 172, 1H3. 
Ethane, 78. 

Ether, 85, 

Ethyl acetate, 83. 

— — hydrolysis of, 84. 

— alcohol, 75, 76. 

— reactions of, 76. 

oxidation of, 79. 

— bromide, 77. 

— potassium sulphate, 71. 

reactions of, 72. 

Ethylene, 72. 

— di bromide, 73. 

Evaporation, 15. 

Ferric chloride, 34. 

— iron, estimation of, 186, 207 

223, 224, 225. 

reactions ol, 114. 

Ferrous aiinnoniuni sul()ltate, 25. 
~ chloride, 38. 

“ iron, estimation of, 185, 189. 

I — — reactions of, 1I3> 

Kilter ash, weight of, cwj. 

Filter, jacketed, n. 

— jHimps, II. 

Filtration, lo. 

— aceelerateil, 11. 

Flasks, measuring, 168. 

••• — calibration of, 170. 

Formic acid, 88. 

— reactions of, 89. 

Fractionating cnlumns, 76, ^ 




INDEX. 


Gases, drying: of, 20. 

Gas regulator, 5. 

■ — wash-bottles, 21. 

Glass culler, i. 

— - tube, to bend, I. 

Glinsky fractionating column, 76- 
Grape sugar, 75- 
--- reactions of, 75. 

Growth of crystals, S. 

Guignet’s green j 47. 

Haematite, estimation of iron in, 

■ ■ ' . i:S6. , , ' , 

Hardness of water, estimation of, 

Hydriodic: acid, .[,v 

reactions of, 129. 

Hydrobriimio acid. 41. 

-- reactions of, 129. 

Hydrochloric acid, 29. 

— dcnsiiy of sohuiuiis of, 232. 

— cstimaliun of, 179. 

— reactions of, 1 2^. 

H^nkocyanic acid, reactions of, 

138. 

Hydrofcrricyanic acid, reactions 
of, 141” 

Hydroferrocyanic acid, reactions 
of, 140, 

Hydrofluoric acid, reactions of, 
130. 

Hydrogen, 28. 

— pero,\ide, reactions of, 137. 
Hydrosniphuvic acid, reactions of, 

133 - 

Hydroxides, melallic, 138. 
Hydroxylainine sulphate, 62. 
Hypochlutous acid, estimation trf, 
[96. 

— reaciiuns of, 130. 

Insoluble matter, esfimation of, 
225. 

— examination of, 15S. 
Instructions to students, 23, 102. 
Iodic acid, 44. 

Ituline, estimation of, 192, 206. 

— staiiflard solution of, 192. 
Iodoform, 86. 

Irjtn alum, 26. 


Iron siluin, estimation of iron in, 
1S6. 

— estijrmtion of, 1S3, 186, 1S9, 

207, 223, 224, 225. 

— group, separation of, 118, 151, 

153, ■ . 

— rr-actions of, 1 13. 

Isomorphism, S. 

Lead acetate, S3. 

— chromate, 59. 

— estimation of, 210, 21 1. 

—• formate, 89. 

— nitrate, 61. 

• oxides, reduction of, 49. 

— peroxide, 48. 

— - reactions of, 103. 

Lithium, reactions of, 126. 

Magnesium, equivalentof, 173,182. 
— • estimation of, 21 1, 225. 

— ' roaclioiis of, 127. 

— ■ sulphate, 56, 

Manganese, estimation of, 2 1 6j 
323, 225. 
reactions of, 1 1 9. 

— dioxide, estimation of, 195. 

— oxides, reduction of, 49. 
Manganous oxalate, 45. 

— oxide, 45. 

Melting point, determination of, 93. 
Mercuric oxide, 46. 

Mercury, estimation of, 214, 223. 

— rf-actions of, 104, 105. 

— purification of, 70. 

Methane, 71, 

Metliod of anal5*sis, a, 144. 
Methyl alcohol, reactions of, 88. 
Micrucosmic .^tdt, 67. 

Moisture, estimation of, 326. 

Nickel, estimation of, 208. 

— reactions of, 121. 

■— potassium sulphate, 26. 

— - scHcpiioxide, 46. 

Nitrogen trioxide, 68. 

Nitric acid, density of solutions of, 
2 . 33 - 

— estimation of, 218. 

— reactions of, 134. 


1 


